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PREFACE. 


The present work is a complete revision of the Manual of 
Determinative Mineralogy and Blowpipe Analysis ” by Prof. Geo. 
J. Brush, which has been very generally used since its first appear¬ 
ance in 1874, as shown by the fact that fourteen editions of it have 
appeared. In 1896 a revision of the introductory chapters devoted 
to blowpipe analysis and the chemical reactions of the elements 
was published, and there are now added a chapter on the physical 
properties of minerals, devoted chiefly to crystallography, and a 
new of uinilytical tables for the identification of minerals. 

In preparing the introductory chapters, great pains has been 
taken in the selection of the tests for the elements. Many of the 
experiments are perfonned by means of the blowpipe, but chem¬ 
ical tests in the wet way are recommended when it is believed that 
they are more decisive. All the tests have been carefully verified, 
and many of tliem have been devised especially for the present 
work. To make the book more convenient for reference, conspic¬ 
uous headlines and catch-words have been freely used. The tests 
for the rare elements, and those for the common ones which are 
oul y occasionally employed, are printed in small type. It is hoped 
that tlie plan adopted of giving full directions concerning the 
methods of maniinilation and the quantities of materials to be 
taken in making many of the tests will be found usefid. 

It must be borne in mind constantly that accuracy is of the 
utmost importance in determinative mineralogy, and it is believed 
that no methods are so generally to be relied upo^n for giving deci¬ 
sive results as those based upon the identification of the chemical 
constituents of the minerals. Moreover, most minerals can be iden¬ 
tified by means of very simple tests, although some cannot be 
determined beyond question without resorting to the more elab- 
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believed that tliey are adapted to the use of beginners who desire 
es]»e(“ially to become acquainted with the common minerals. In 
ordei' to accomplish this end the common minerals are printed 
cons])icuously in capitals, and thus on opening any page of the 
tables tliey may be recognized at once by glancing down the 
column “ Name of Species.” 

The author takes pleasure in expressing his obligations to his 
associates, Professors G. J. Brush, E. S. Dana, L. V. Pirsson, and 
H. L. Wells, for many valuable suggestions, and to the Misses L. 
P. and K. ■). Bush of New Haven for services rendered in the 
preparation of the manuscript and in proof-reading. The wood- 
cuts were jirepared by the skillful engraver, Mr. W. F. Hopson of 
New Ihiven. 


New Haven, October 1, 1898. 



PEEFAOES OF IHE FORMEE 
EDITIONS OF THIS WORK, 
BT GEORGE J. BRUSH. 


PREFACE TO THE FIRST EHITION. 


The material in this compilation was, for the ijrf’ater part, 
prepared almost twenty years since, hy Prof. S. W. -lolinsim 
and myself, as a text-book for tiie students in our laborahny. 
Circumstances prevented its jmblication at that time, but it has 
served as the basis of a course of lectures and practical exci'cises 
annually given in the Sheffield Laboratory. 

The plan of instruction has been to have the student work 
through a course of Qualitative Blowpipe Analysis as introduc¬ 
tory to Determinative Mineralogy. For the latter subject, we 
have employed von Kobell’s Tafehi mr Benthmuiuj tier 
raUer):,mmj of the students taking the work in the original, 
while others made use of either Erni’s or EhltuhorsPs transla¬ 
tions. These “ Tables ” were translated by Prof. Johnson and my¬ 
self while we were students of Prof, von Kobell in lKr>,1-4, at 
Munich, audit was after our suggestion, in 18t)0, to Prof. Elder- 
horst, that he introduced von Kobell’s “ Tallies ” into the second 
edition of his “Manual,” although he did not avail himself of our 
translation, which was then offered to him for that purposi*. 



PKBFACE TO THE FIRST EDITIOK. 


vii 


The “ Tables ” as now presented are based on the tenth 
Geriium edition of von Kobell’s book. Additions of new species 
have been made, and in many cases, fuller details are given in re¬ 
gard to old species, and the whole material has been thrown into 
an entirely new shape, which it is believed will greatly facilitate 
the work of the student. The preparation of the tables in this 
hirin, the idea of which was suggested to me by Prof. W. T. 
Roepper, has been performed, under my supervision, by my as¬ 
sistant, Mr. George W. Hawes, who'has also aided me greatly in 
revising the rest of the work, and in the reading of the proof- 
sheets. 

The main authorities used in the original preparation and 
later revision of the chapters on Blowpipe Analysis were the 
w'orks of Berzelius and Plattner. The third and fourth edi¬ 
tions of Plattner, the latter edited by Prof. Eichter, have been 
chiefly consulted. The complete work of Plattner, with still later 
additions by Pi'of. Richter, has been made accessible to English- 
reading students through an excellent translation by Prof. H. B. 
Cornwall, and this cannot be too highly commended to those 
who desire to become fully acquainted with this important sub¬ 
ject. 

In Determinative Mineralogy, besides the works of von 
Kobell, free use has been made of the treatises of Naumann and 
Dana, especially of the pyroguostic characters contributed by 
myself to the latter work. This constitutes, in accordance with 
the original plan of Professor Dana and myself, the Determina¬ 
tive Part of his System of Mineralogy. It is proposed at some 
future time to add to the volume methods for the determination 
of minerals by their physical characters. 

In conclusion, I take great pleasure in acknowledging my in- 
delitedness to my colleague. Prof. S. W. Johnson, who has not 
only generously given me his share in the original work, but has 
constantly aided me by his advice in the revision here presented. 

Sheotibi^b Laboratory ob Yale Collbob, 

Kew Haven- December 15,1874. 



PEEfACE TO TIE THIRD AND LATER EDITIONS. 


This edition has been so far revised as to substitute for the 
old formulas for minerals, those based upon the atomic weights 
of the elements adopted by the so-called new chemistiy. The 
formulas for the most part have been taken from Piammehherg'% 
Mineralchmie (Leipzig, 1875), and are made to correspond as 
far as possible with those given in I)r. E. S. Dana's Text-Booh 
of Mineralogy (John Wiley & Sons, New York, 1877). 

It should be stated here that as the main object of this book 
is the identification of mineral species by a method largely based 
on the blowpipe characters of their elemental constituents, this 
point has been kept in view in writing their formulas. Instead 
of giving a symbol for a group of elements, as is usual in min- 
eralogical treatises, it has been necessary to give the elements 
in full, and in some instances, for want of space, a simple list of 
the constituents is substituted for the formulas. This has also 
been done in the case of minerals where no satisfactory formulas 
have been deduced. 

It has not been thought advisable to alter the old common 
names used for reagents and compounds, since the book is in¬ 
tended not only for students in colleges and schools, but for all the 
different classes of persons who are interested in the study of 
minerals. 

A few changes and additions in the text of the tables are 
made, which, it is trusted, will facilitate the work of the student. 
My acknowledgments are again due to Mr. George W. Hawes 
for his cooperation in making these changes. 

New Eaten, May 1, 1878. 
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DETEEMIMTIYE MINEEALOai AND BLOWPIPE 

ANALYSIS, 


CHAPTER I. 

INTRODUCTION AND CHEMICAL PRINCIPLES. 

The Mineral Kingdom.—Natural products are commonly 
divided into three kingdoms,— vegetaUe^ and mineral. 
The latter includes those substances constituting or found in the 
crust of the earth and not those made through the agency of life. 
They are, therefore, frequently called inorganic materials. 
Among these, two classes are recognized, which are known as 
minerals and locks. 

Minerals.—These are definite chemical compounds occurring 
in the mineral kingdom. The following may serve as examples; 

Pyrite., sulphide of iron, FeS,. 

Quartz., oxide of silicon, SiO,. 

Orthoclase, silicate of potassium and aluminium, KAlSi,0,. 

Chemical formulae show the invariable composition of the 
minerals when pure, that of quartz, for example, indicating that 
1 atom of silicon is in combination vrith 2 atoms of oxygen. It 
ought to be possible to express the composition of every mineral 
by a chemical formula, but there are some for which this cannot 
yet be done, owing to the fact that they have not been sufificiently 
investigated. 

On examining minerals, it will be observed that they usually 
occur in definite geometrical shapes called crystals, when condi¬ 
tions favorable for the formation of crystals have prevailed. 
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INTEODUCTIO-N AND CHEMICAL PRINCIPLES. 


Every distinct chemical compound occurring in inorganic nature, 
having a definite molecular structure or system of crystallization 
and well-defined physical properties, constitutes a mineral species. 
Up to the present time, between eight and nine hundred minerals, 
which deserve to rank as distinct species, have been recognized. 
Of these, however, only a few can be considered as common, and 
really important either as rock-forming minerals in making uj) the 
crust of the earth, or as ores of the useful metals, or as otherwise 
valuable in the arts. Each mineral species has received a name 
(usually ending in ite, signifying ‘■of the nature of,’ ‘Ulce’) by 
which it is commonly known. In assigning these names no sys¬ 
tem has been followed, some being derived from chemical, phys¬ 
ical, or fanciful peculiarities, some from localities where the 
minerals were first found, while many are named after persons. 

Rocks.—’With the exception of a few glassy lavas, rocks are 
aggregates of mineral particles. The term rocJc is often used in a 
general way for designating any portion of the earth’s crust, but 
the kinds of rock to which geologists have assigned special names 
contain certain minerals in about the same proportion throughout. 
Thus, granite is one of the commonest rocks of the globe, and, on 
examination, a fragment of it will be found to be made up of 
different minerals. The most conspicuous is orthoclase, KAlSijO,, 
together with a corresponding soda mineral, albite, KaAlSi^Oe, 
and quartz, SiO„ while a number of others may be present in 
small amounts. The proportion of these minerals differs in differ¬ 
ent kinds of granite, and it is therefore evident that the composition 
of this rock cannot be expressed by a definite chemical formula. 

In a rock, the structure may be coarse-grained, so that the 
particles can be detected with the naked eye, or fine-grained, ren¬ 
dering a microscope necessary to distinguish the different com¬ 
ponents. Usually a rock is composed of different minerals, but 
it sometimes consists of only one. Thus, marble is an aggregate 
of particles of calcite, CaCO„ and quartzite of quartz, SiO,. The 
study of rocks, known as lithology or petrography, necessitates a 
previous knowledge of mineralogy. 
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Chemistry.—Mineralogy is cHefly a chemical science, and for a 
proper understanding of minerals, some knowledge of elementary 
chemistry is indispensable. A brief summary, therefore, of some. 
important chemical principles will be first given. By a careful 
study of the experimental part of the following chapters, it is 
believed that much useful information concerning general element¬ 
ary chemistry may be gained. 

Elements.—A substance which cannot be separated into sim¬ 
pler constituents is regarded as an element. At the present time, 
about 70 elements are recognized. Of these, less than half are 
of common occurrence, while, from a consideration of a large num¬ 
ber of rock analyses, P. W. Clarke"^ has calculated that 99 j)er 
cent of the solid crust of the earth, for a depth of ten miles^ is 
composed of the following eight elements : 


Oxygen, 

47.3^ 

Calcium, 

8.8,^ 

Silicon, 

27.2 

Magnesium, 

2.7 

Aluminium 

00 

Sodium, 

2.4 

Iron, 

6.4 

Potassium, 

2.4 


Chemical Affinity, Atoms, and Molecules.—Elements manifest 
tendencies to unite with one another. This propert^^ is known as 
chemical affinity. It is usually strongest between metallic and 
non-metallic elements ; as sodium and chlorine in sodium chloride. 
The smallest particle of an element which enters into combination 
is called an atom^ and the smallest particle of a chemical compound 
which is capable of existence is called a molecule. 

Symbols.—^Por convenience, elements are designated by sym¬ 
bols, usually the initial letter of their names, or this with one other 
letter.. Each symbol stands for one atom of the element; as S for 
sulphur, Pb for lead (Latin plumbum). PbS is the chemical for¬ 
mula of, and represents a molecule of, lead sulphide. 

Law of Definite Proportion.—^Atoms unite with one another in 
definite, though frequently in two or more different, proportions. 


*Phil, Soc. of Washington, Bull. IX., p. 138, 1889. 



4 lOTEODUCTIOK AND CHEMICAL PKINCIPLES. 

For example, carbon, sulplinr, and arsenic, eacb form two distinct 
oxides, CO and CO,, SOj and SO,, ASjOj and ASjO,. 

Valence.— This term is used to express the numerical propor¬ 
tion in which, elements unite with or replace hydrogen. Chlorine 
is univalent and oxygen bivalent, because they unite with hydro- 
gen to form the molecules HCl and H,0, respectively. The term 
valence is also applied to compounds. Thus, sulphuric acid being 
H,SO., the radical SO, is said to be bivalent. 

Acids.—Compounds resulting from the union of non-metallic 
elements, with hydrogen or hydrogen and oxygen, in which 
the hydrogen atoms may be replaced by metals, are called 
acids. These usually possess a sharp, sour taste and have the 
property of turning blue litmus-paper red. The common mineral¬ 
forming acids are hydrochloric, HCl; nitric, HNO,; hydrofluoric, 
HF; hydrogen sulphide, H,S ; sulphuric, H,SO,; carbonic, H,CO,; 
boric, HjBO,; phosphoric, H,PO,; arsenic, H,AsO,; orthosilicic, 
H,SiO,; metasilicic, H,Si,0„ and polysilicic, H,Si,0,. In the fore¬ 
going formulae, the groups of elements with which the hydrogen 
atoms are united are often called acid radicals. Thus, SO, is the 
acid radical of sulphuric acid ; PO, of phosphoric; SiO, of ortho¬ 
silicic, etc. 

Bases.—Combinations of metals with oxygen and hydrogen 
(the hydroxides; for example, JSTaOH, sodium hydroxide) are 
called bases. These have the property of neutralizing acids, and, 
if soluble in water, of turning red litmus-paper blue. The 
combinations of metals with oxygen are sometimes called basic 
oxides. 

Salts.—Compounds formed by the combination of acids and 
bases, and resulting in the replacement of part or all of the hydro¬ 
gen atoms of the acid by metals, are called salts. The great 
majority of minerals are salts, and in a natural cheihical classiflea- 
tion they are subdivided into groups according to the acid radi¬ 
cals which they contain; i.e., the sulphides, salts of hydrogen 
sulphide, in one group; the sulphates, salts of sulphuric acid, in 
another; the silicates, salts of siiicio acid, in a third, etc. 
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Witli a knowledge of tke valence of a given metal, it is a sim¬ 
ple matter to write the normal salt of any known acid, as shown 
by the following table; 



HydrocMoric, Sulplmric, 

Phosplioric, 

OrthosiUcic, 


HCl 

H 2 SO 4 . 

UzPCf,. 

H4Si04. 

Sodium, Na, univalent, 

E'aCl 

NaaS04 

FasPOA 

Na4Si04 

Calcium, Ca, hivalent, 

CaCla 

CaSO. 

Ca3(P04)» 

CasSiO^ 

Ferric iron, Fe, trivalent, 

FeCla 

Fe2(S04)3 

FeP04 

Fe4(Si04)r 


Chemical Equations.—When chemical substances react upon 
or unite with one another, definite transformations take place, 
which can be expressed in the form of equations. Thus, when 
calcite is dissolved in hydrochloric acid, or barite is fused with 
sodium carbonate, the results are shown as follows: 

CaCO, + 2HC1 = CaCl, -f H,0 -f CO,. 

BaSO, -f Na,CO, = BaCO, + Na,SO,. 

The practice of writing correct equations serves a useful pur¬ 
pose in affording a knowledge of the manner in which chemical 
reactions take place. 

Atomic Weight.—It has been found that an atom of an 
element possesses a definite relative weight, known as its atomic 
weight. This is based on an atom of hydrogen, the lightest of all 
elements, as a standard (the weight of the hydrogen atom being 
taken as 1). The atomic weights of the common elements have 
been very accurately determined and are generally given with 
their descriptions. 

Molecular Weight.—The moleaalar weight of a substance is 
equal to the sum of the atomic weights of the elements constituting 
the molecule. Thus, calcium, carbon, and oxygen, having the 
atomic weights 40, 12, and 16, respectively, CaCO, has a molecular 
weight of 40 -|-12 -|- 48 = 100. 

Relations between Chemical Formulae and Percentage Com¬ 
position.—With a knowledge of the chemical formula of a com 
pound and of the atomic weights, the percentage composition 
of the different constituents can be readily calculated. Pqx 
example, sphalerite is ZnS. The atomic weights are Zn = 65.4 and 



6 


UrTEODUCTlON AND CHEMICAL I'UINCIPLES. 


S = 32, lienee the molecular weight of ZnS is 97.4. In 97.4 parts 
by weight of ZnS there are 65.4 parts of zinc, consequently the 
zinc in 100 parts may be readily calculated by a simple proportion, 
thus: 97.4; 65.4 = 100 :a;, which gives 67.1 as the per cent of zinc. 
It is often convenient to give the percentages of combinations of 
the elements, especially the oxides, instead of the elements them¬ 
selves. This is illustrated by the following examples, where the 
percentages are derived from the molecular weights by the propor¬ 
tion, Total Mol. Wt. : Mol. Wt. of constituent = 100 : x: 

Andradite Garnet. Dolomite. 


CasFejSisO.j = SCaO.FesOs.SSiO,. CaMg(C03)2 = CaCOa.MgCOa. 



At.Wt. 

Mol.Wt. 




At.Wt. 

Mol.Wt. 


Si, 

Oa, 

38 ) 
33 \ 

X 3 = 180 

SiOa, 

35.4^ 

Ca, 

0 , 

40 

13 

100 OaCOs, 


Fea, 

0*, 

113 ) 
48 5 

160 

FeaOs, 

31.5 

Os, 

Mg, 

48 ) 
34) 



Ca, 

0, 

i 

X 3=168 

CaO, 

33.1 

c. 

Os, 

13 f 
48) 

84 MgCOs, 

45.7 



508 


100.0 



184 

100.0 


Quantitative Chemical Analyses.—The chemical composition 
of minerals is determined by means of quantitative analyses, and 
many of these will be found recorded in the larger treatises 
on mineralogy. Now, since a percentage analysis gives the 
weights of the different constituents in one hundred parts, and 
each constituent has its definite relative v^eight (atomic or molec¬ 
ular), therefore the relatme wa/mber of atoms or molecules may be 
found by dividing the percentages by their atomic or molecular 
weights. The quotients indicate the ratio of the constituents, 
which is usually a simple one. 

The following examples of actual analyses will illustrate this: 


Splialerite. 

Found. At.Wt. Ratio. 

S, 32.93-T-33 =1.039 
Zn, 66.69 ^ 60.4= 1.019 
Fe, .43 


100.04 


Andradite Garnet. 



Found. 

Mol.Wt. 

Ratio. 

SiO,, 

35.44 

60 = 

.591 

FeaOs j 

, 81.86 

160 = 

.199 

CaO, 

33.85 

56 = 

.587 

MgO, 

.30 




100.34 
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The ratios derived from these analyses are as follows: 

S : Zn = 1.029 :1.019 = 1.00:0.99, or very nearly 1:1. 

SiO^: FeaOa: CaO = .591: .199: .587 = 2.95:1.00 : 2.97, or nearly 
3:1:3. 

The formula of sphalerite is, therefore, ZnS, and that of the 
garnet, SCaO.FeaOg.SSiOj, or CagFeaSigOia. These analyses may 
be compared with the theoretical values calculated in the previous 
paragraphs. 

Isomorphism (zcro^, equal, + form).—Substances which 

are analogous in chemical composition frequently show a simi¬ 
larity in crystallization. This is known as isomorphism. Thus, 
the alums, KA 1 (S 0 ,) 2 . 12 H 30 , and (NH,)Al(S 0 da.l 2 H 30 , are iso- 
morphous. They must have similarity in molecular arrangement, 
for they not only crystallize in the same shapes, but, from a solu¬ 
tion containing both salts, a crystal may be grown consisting 
partly of potash and partly of ammonia alum. This tendency of 
two salts to crystallize together constitutes the strongest proof of 
their isomorphism. 

Isomorphism plays a very important part in mineralogy. 
Many species are mixtures of two or more isomorphous chemical 
molecules, and, owing to this fact, the physical properties (espe¬ 
cially color, specific gravity, and fusibility) are often found to 
vary widely. For example, sphalerite when it has the composi¬ 
tion ZnS is colorless or nearly so. It usually, however, contains 
isomorphous FeS, and the color becomes darker as the percentage 
of iron sulphide increases. Columbite, , and the isomor¬ 

phous tantalite, FeTa^Oe, have the specific gravities 5.3 and 8.2, 
respectively; while intermediate mixtures of the two molecules 
have specific gravities ranging between these values. 

Concerning isomorphous mixtures, it is often stated that one 
element replaces the other; i.e., sphalerite is ZnS, but part of the 
zinc may be replaced by iron. To express the composition of 
these mixed compounds, two methods are commonly employed; 
either the isomorphous elements are designated by some symbol, 
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as Ej or tliey are enclosed in parentheses. For example, sj)lialer* 
ite is said to have the composition ES, where E = Zn and Fe, or 
(Zn,Fe)S, giving importance to the prevailing constituent by plac¬ 
ing it first, and often, also, by using larger tyx3e. By the latter 
formula, it is not meant that sx)halerite contains one atom of zinc, 
one of iron, and one of sulphur, but that the zinc and iron taken 
together are equivalent to one atom of a bivalent metal. 

The following examples will illustrate the methods of deriving 
•formulae from analyses of isomorphous compounds: 


L 

II. 

ni. 

Brown Sphalerite. 

Black Sphalerite. 

Almandine Garnet. 

Bosbury, Conn. 

Felsobanya. 

Fort Wraujfel, Alaska. 

Found. At.Wt. Ratio. 

Found. At.Wt. Ratio. 

Found. Mol.Wt. Itatio. 

33.3632 = 1.043 

S, 83.35 33 = 1.039 

SiOa, 39.39 4 - 60 = .655 

63,36-V- 65,4 = .969 

Zn, 50.03-=- 65.4 = .756 

AlaOs, 21.70 4 - 103 = .213 

3.60 -5-56 = .064 

Fe, 15.44-=- 56 = .376 
Cd, .30-5-113 = .003 

FeO, 30.83 4 - 73 = .438 
MaO, 1.51 4 - 71 = .031 

100.32 

Pb, 1.014-307 = .005 

100.02 

MgO, 5.36 4 - 40 = .131 
CaO, 1.99 4 - 56 = .036 

100.57 


In I, the ratio of S : Zn + Fe = 1.043 :1.033 = 1.00: 0.99 or 
almost exactly 1:1. The formula is therefore (Zn,Fe)S. The 
ratio of Zn: Fe = .969 : .064 or approximately 15:1, and the 
composition of the mineral may be regarded more exactly as 
15ZnS + FeS. 

In II, the ratio of S: Zn + Fe + Cd + Pb = 1.039 :1.040 or 1 :1. 
Theformulais therefore(Zn,Fe,Cd,Pb)S, or, since Zn : Fe= .756 : .276 
or nearly 11:4, the composition is more exactly llZnS + 4FeS + 
traces of CdS and PbS. 

In III, FeO, MnO, MgO, and CaO are isomorphous and will be 
regarded as RO. The ratio of SiO,: Al^O,: RO = .665 : .213 : .616 
= 3.07:1.00:2.89. The ratio approximates to 3:1:3, and the 

formula is SEO.AI.O,8SIO„ or E.Al,Si.O„, where B = Pe, Mj, o. 

Dimorphism and Trimorphism.— Minerals which have the 
same percentage composition, but occur in two essentially differ- 
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ent crystalline forms, are said to be dimorphous. Thus, carbon 
crystallizes in the isometric system as diamond, which is hard and 
transparent, with specific gravity = 3.52; and in the hexagonal 
system as graphite, which is soft and opaque, with Sp. Gr. = 2.15. 
Calcium carbonate, CaCO,, crystallized in the hexagonal system, 
Sp. Gr. = 2.71, is calcite ; and in the orthorhombic system, Sp. Gr. 
= 2.94, it is aragonite. Iron sulphide, FeS^, crj’'stallized in the 
isometric system, Sp. Gr. = 5.02, is pyrite, and in the orthorhom¬ 
bic system, Sp. Gr. =4.90, it is marcasite. Titanic oxide, TiO., 
crystallizes in two entirely independent modifications in the 
tetragonal system, with Sp. Gr. = 4.20, as rutile, and with Sp. Gr. 
= 3.90, as octahedrite, and also in the orthorhombic system, 
Sp. Gr. = 4.0, as brookite. The last case, where three independ¬ 
ent modifications of TiO, occur, is an example of trimorpMsm. 
Dimorphism and trimorphism may be due either to variations in 
the number of atoms, to variations in the arrangement of the 
latter in the chemical molecule, or to variations in the arrange¬ 
ment of the particles in the structure of the crystal. No exact 
means for determining the size of the chemical molecule in solid 
substances exists at present. TiO,, for exam]ile, is the simple 
empirical formula for rutile, but its true composition is undoubt¬ 
edly some multiple of TiOj. 



CHAPTER 11. 


APPAEATUS AND EMGENTS, AND THE PBINOIPLES INVOLYED IN 

THEIR HSE. 

Part 1. Apparaths, 

Altlioiigli a great deal of blowpipe apparatus has been devised, 
only that will be described in the present work which is necessary 
or convenient for making the simple tests for the identification of 
the elements and the determination of minerals. In performing 
most of the experiments a simple and inexpensive outfit will 
suffice, which, if necessary, can be packed in small space, so as to 
be portable. Moreover, a little ingenuity will often enable one to 
supply the place of much apparatus. 

The Mouth-Blowpipe.—This instrument, for centuries em¬ 
ployed only by artisans in soldering and in other operations re¬ 
quiring an intense heat, has been for a period of considerably over 
one hundred years an invaluable means of scientific research.* 
It is of the greatest service to the mineralogist and chemist for 
the identification of minerals and the detection of their ingredients, 
and may even be used for the quantitative separation of several 
metals from their ores.f 


* Eor a brief history of the use of the blowpipe, see Berzelius’s work, Die 
Anwendung des Uthrdhrs; or the translation by J. D. Whitney, Boston, 1845. 
A more complete history is found in Kopp’s Gesehichte der Chemie, II,’p. 44,' 
Braunschweig, 1844, and also in yon Kobell’s Gesehichte der Mineralonil 
Manchen, 1864. 

t Quantitative blowpipe analysis is beyond the scope of the present work. Those 
inter^ted in Plattner’s methods of assaying ores of gold, silver, copper, lead, cobalt, 
nickel, iron, etc., by means of the blowpipe, are referred to his work, Prohirkunst 
mtt dsm Uthrohre; German edition, by Th. Richter; American translation, by 
H. B. Cornwall. ’ ^ 
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With no other fuel than that furnished by a common lamp or 
candle, the blowpipe renders it possible to produce in a moment a 
most intense heat. In the blowpipe flame, not only are many 
refractory bodies melted or volatilized, but entirely opposite 
chemical effects, oxidation and reduction^ may be produced. 
Almost all chemical substances may be made to manifest some 
characteristic phenomena under its influence, either alone or in the 
presence of certain other substances known as reagents, and thus 
their nature may be detected. 

The blowpipe is represented in its usual form in Fig. 1. The 
parts a and S fit into the chamber c with ground joints. Any 
moisture from the breath which condenses in a collects in c, and 
may be removed by disjointing the parts. 

The instrument is also furnished with a tip 
or jet (the most important part), which fits 
on 6 by means of a ground joint, and is 
shown at d in correct proportion and twice 
the natural size. The hole at the end of 
the tip should be slightly tapering and from 
0.4 to 0.6 mm. in diameter. It should be 
bored in such a manner that its axis is in 
line with the axis of the tube 5 when the 
parts are fitted together. Yery durable and 
inexpensive tips are made of brass. Those 
bored and turned out from solid platinum 
are expensive and scarcely better than brass, 
while light ones spun from platinum foil are 
unsatisfactory. Tips are very apt to become 
stopped with dust or foreign matter, and 
new ones often contain bits of metal turn¬ 
ings, or need to be reamed out to the proper size and taper. 
Cleaning and adjusting can best be accomplished by means of 
a four-sided, slightly tapering reamer, which may be made by 
filing down the sides of a large steel needle or pin. For the 
successful working of the blowpipe, it is also important that the 
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hole through b should not be eccentric, and that there should be 
nothing to disturb the passage of air. 

The instrument as shown in Fig. 1, but without the trumpet 
mouthpiece, is of the original form proposed in the last century 
by Gahn, and employed by Berzelius. Fatigue is apt to result in 
using it, as considerable effort is required to keep the lips closed 
about the tube for any length of time. 

Fig. 1 represents the blowpipe provided with the trumpet 
mouthpiece, e, recommended by Plattner. This is made of horn 
or hard rubber, 35 mm. in its outer diameter, and should have 
such a curvature that, when placed against the lips, it does not 
give an unnecessary or unequal pressure. 

A very good mouthpiece may be made from a piece of glass 
tubing 5 cm. long, and of such diameter as fits the blowpipe tube. 
It should first be strongly heated for half its length in the tiame 
of a lamp, and when quite soft flattened between two smooth me¬ 
tallic surfaces, to give it the form shown in Fig. 2. Tlie other 
end should then be cemented into the blowpipe by means 
of sealing-wax. This kind of mouthpiece, when inserted 
between the lips, displaces them but slightly from their 
customary position, and causes very little fatigue. 

The blovqpipe is usually made .of brass, or preferably of 
German silver. The length of the instrument should lie 
measured by the visual distance of the operator, the ordi- 
nary length being from 20 to 22 cm., exclusive of the 
mouthpiece. 

The common, artisan’s blowpipe. Fig. 3, consists of a tapering 
and curved tube of brass, terminating in an orifice as large as a 
small needle. When well constructed, this simple instrument 
answers most purposes, and is often made without the bulb 
near the bend, which is intended to collect the moisture condens¬ 
ing from the breath. 

A great deal of ingenuity has been expended in devising 
different forms of blowpipes and mouthpieces, each supposed to 
have some special feature either of excellence or of cheapness to 
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recommend it. However, if tlie blowpipe has a good tip, tbe form 


is of little importance, provided the operator is skil¬ 
ful and has become accustomed to the use of his in¬ 
strument. 

Blowing.—In blowpipe operations it is often neces¬ 
sary to maintain an uninterrupted stream of air for 
several successive minutes. To be able to do this easily 
requires some practice. It is best learned by fully dis¬ 
tending the cheeks, closing the communication between 
the mouth-cavity and windpipe by means of the palate, 
and breathing through the nose. When one is accus¬ 
tomed to keeping the cheeks thus inflated, the mouth¬ 
piece of the blowpipe may be pressed against or inserted 
between the lips, and the same thing repeated without 
attempting to blow or do more than keep the cheeks 
distended. To the experienced operator, continuou: 
blowing is hardly an effort. 

Fuel and Lamp s.—Tlie most convenient combustible 
is ordinary illuminating-gas burned in a Bunsen burner. 



Fig. 3. 



Fig. 4, 


Fig. 4. The gas issues from a small orifice 
near the lower end of the tube, and mixes 
with a large proportion of air which enters 
through holes at Ti. Usually the lamp is 
provided with a ring at li, fitting loosely 
over d, and by turning this the supply of air 
can be varied. The mixture of gas and air 
should be so regulated that the burner gives 
a non-luminous, blue fiame, with a distinctly 
outlined inner cone about 5 cm. high. 
For use with the blowpipe, an additional 


* Various mechanical contriyances have been devised where the air is supplied 
from bellows, hut they are regarded as unnecessary. The strength of the blast needs 
to be often varied in order to bring about different effects, and with the breath this 
can be most readily accomplished. Only students showing enterprise and patience 
suflScient to master the use of ordinary instruments will be likely to make much 
progress in blowpipe analysis. 
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tube, e, is supplied, wMcli fits loosely inside of d, and goes down 
below the boles at h, thus cutting off the supply of air, and 
causing the gas to burn with a luminous flame. The tube is flat¬ 
tened at the top, and one side is made a little lower than the 
other, so that the blowpipe flame can be directed downward when 
necessary. A slightly raised notch at the upper side serves as a 

rest for the blowpipe tip. 

A burner like the one shown in Fig. 5 is con¬ 
venient, but as it gives only a luminous flame it 
is not suitable for heating glass tubes, etc., and 
an additional Bunsen burner is necessary. 

When gas is not at hand, olive- or rape-oil, 
burned in a lamp with a rectangular wick, 5 x 10 
mm. in diameter, maybe used. Fig. 6 represents 
the form of lamp proposed by Berzelius and 
improved by Plattner. The openings for the 
wick and for the admission of oil are provided with close-fitting 
screw-caps, and the apparatus 
can be taken apart and packed in 
small space for transportation. 

Fig. 7 represents a lamp made 
by the Buffalo Dental Manu¬ 
facturing Co., which gives satis¬ 
factory results. 

A form of lamp adapted for 
portable blowpipe apparatus is 
represented in Fig. 8. Paraffin is 
used as fuel, and must be melted 
before lighting, but, when once 
ignited, the heat from the flame 
will keep a sufficient quantity of 
the paraffin in a liquid condition. Fig. 6. 

When more convenient material is not at hand, candles of good 
Quality will answer for most purposes. A large candle with a flat 
wick can be easily made, and is some improvement on the ordinary 
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form. For heating glass tubes, boiling liquids in test-tubes, etc., 
it is desirable to have a flame which does not deposit soot, and if 



a Bunsen burner cannot be used, an alcohol lamp. Fig. 9, with a 
circular wick 10 to 15 mm. in diameter, is 
needed. Such a lamp, however, is not adapted 
for use with the blowpipe, as the flame is not 
rich enough in carbon to give suitable re¬ 
duction effects. 

Platinum-pointed Forceps.—These are in¬ 
dispensable for holding fragments of minerals 
which are to be heated before the blowpipe. 

Fig. 10 represents the usual form. They are 
made of steel, and should be nickel-plated. The platinum points 
are opened by pressure, and are rendered self-closing by means of 
a spring, which should not be too strong. The platinum needs 
occasional cleaning, which is best done by scouring with sea-sand. 



Pre. 10. 


The steel ends are useful for picking up and handling fragments 
of minerals and for detaching pieces from specimens. The only 
precaution that is needed in the use of the forceps is never to allow 
minerals with metallic luster to fuse against the red-hot platinum, 
since the latter may form a fusible aUoy with lead, arsenic. 
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antimony, or otlier readily reducible elements. If the platinum 
does become alloyed, it is best to cut off the ends of the forceps, 
and reshape them with a file. 

Platinum Wire.—This is used for supporting beads of fused 
borax, salt of phosphorus, or other fluxes, and for introducing 
powders into the flame. A kind about 0.4 mm. in diameter 
(weighing 0.247 grs. for every 10 cm.) is best. 


Loops.— For the support of fluxes, loops. Fig. 11, are used, 
which are made by bending the platinum wire over a 
9“ O conical point. As a rule, these loops should be from 3 to 
^ 4 mm. in diameter. The beads may generally be removed 
by straightening out the wire, or sometimes by dissolving 
them in acid. 

The double loop is made by grasping the wire in the 
steel end of the platinum-pointed forceps, and making a 
double turn about the latter. It is only recommended to serve as 
an additional support when a considerable quantity of material is 
to be fused with some flux. 

contrivance 




Fig. 12. 


Holders.—A contrivance like 
Fig. 12 is convenient for holding 
platinum wire. Short pieces of wire may also be fused into the 
end of a glass tube or rod. 

Platinum Spoons.—These may be usefully employed in a lew 
operations w^here fusions are to be made. Preferably 
the spoon. Fig. 13, should have a bowl 18 to 20 mm. 
in diameter, and need not weigh over 1.25 grams. It 
is held in the platinum forceps, and the fxrsions may 
be soaked out by digestion in a test-tube 
with water or acids. Spoons with long han¬ 
dles, Fig. 14, are often recommended, but 
they are necessarily heavier, and are not very serviceable if the 



Fig. 13. 


bowls are small. 

Charcoal. This is used in many operations as a support for 
the assay, and, moreover, the carbon often assists in bringing 
about reductions. For most purposes, any piece of well-burned 
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charcoal that does not snap nor become fissured in the flame will 
suffice. The kinds made from basswood, pine, or willow are 
recommended. It is a good plan to have the material sawed out 
into rectangular blocks of about 10 X 3 X 2 cm. Excellent 
charcoal, prepared especially for blowpipe work, can be procured 
from dealers. 

Usually the assay is best heated on a smooth, flat surface, 
although occasionally a slight depression or cavity, which may be 
cut with a penknife, is needed. 

A good piece of charcoal will last for some time, a clean sur¬ 
face being afforded by flling or cutting away the part that has 
been used. 

For the uses of charcoal, see p. 39. 

Gypsum Tablets.—These are prepared by making plaster of 
Paris into a thin paste with water, jpouring this ux)on a sheet of 
glass, and spreading it out evenly until it is about 3 or 4 mm. 
thick. Before the plaster sets, its surface is ruled off by means of 
a knife into rectangular blocks about 4x8 cm. across, which are 
removed after the plaster hardens. 

These tablets are admirably adapted for collecting sublimates, especially 
colored ones, and, as recommended by Haanel,* are used as follows: 

The finely powdered material to be tested is placed near one end of the 
tablet, moistened with a few drops of hydriodic acid, and heated at the tip 
of a small oxidizing flame. The iodides, as they volatilize, condense on 
the white gypsum as coatings, some of which are very beautiful. White 
coatings may be collected on tablets which have been previously blackened 
by holding them over a sooty flame. As a substitute for hydriodic acid, 
Wheeler and Liiedekingf have found that ordinary tincture of iodine 
answers in most cases, and an iodide of sulphur, prepared by fusing 4 parts 
by weight of iodine and 6 of sulphur, is of still more general application. 
Moses X suggests using a flux prepared by mixing 2 parts of sulphur, 1 of 
potassium iodide, and 1 of potassium bisulphate. 

Glass Tubing.—A supply of hard glass tubing, varying from 
3 to 6 mm. in internal diameter, is needed for making closed and 
open tubes. 


* Traus. Boy. Soc. Canada, Section III, p. 65, 1883. 
t Trans. St. Louis Acad, of Sci., vol. iv, p. 676, 1886. 

1 School of Mines Quarterly, New York, vol. x, p. 320, 1889. 
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Closed Tubes.—These are tubes closed at one end, Pig. 15, 

and should be about 8 cm, 
long, and 3 to 4 mm. in inter- 
nal diameter. They may read¬ 
ily be made by heating a tube of twice the required length, at the 
middle, in a Bunsen-burner flame, and turning it slowly so that 
the glass will be uniformly heated. When the glass becomes 
quite soft, the tube is removed from the flame and pulled in two. 
The slender terminations are then removed by holding the end of 
the tube nearly through the flame, allowing the glass, where it has 
been pulled out and is quite thin, to fuse together, and then pull¬ 
ing away the termination. 

These tubes are used for heating substances out of contact 
with, or with but limited access of, air. Substances are best intro¬ 
duced in the form of fragments, which drop to the bottom of the 
tube, leaving the walls perfectly clean. 

The principal effects that may be observed, when substances 
are heated in closed tubes, are the distillation or giving off of 
volatile products (gases, liquids, or solids), which collect in the 
upper, cold part of the tube; but any change which the material 
undergoes should be carefully noted. 


For a list of the closed-tube reactions, see Chapter IV, p. 139. 
Bulb Tubes.—Tubes with a bulb at one end, Pig. 16, are 
employed in a number of 

operations. They may be g — 

made by heating the end 

of a tube like that shown 16 . 

in Pig. 15 over a blast-lamp until the glass becomes quite soft, 
and then blowing a bulb of the desired size. With a Bunsen- 
burner or alcohol flame, sufficient heat cannot be obtained to make 
these tubes from hard glass, but if one is not able to blow them, 
they can be procured from dealers. A good size for the bulb is 
from 12 to 18 mm. in diameter. 


Open Tubes.-These are tubes, open at both ends, which are 
employed m heating or roasting substances in a current of air, 
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and thus bringing about oxidation. The tubes should be from 
5 to 7 mm. in internal diameter and 16 to 17 cm. long. The sub¬ 
stance (best in the form of fine powder, so as to expose a 

maximum surface to the air) is 
placed about 4 cm. from one end. 
This may be readily accomplished 
by putting the powder upon a slip 
of paper, folded into a V-shaped trough, 
slipping this to the desired distance into 
the tube, and inverting. The tube, held 
in a slanting position (from 20° to 30°), 
with the powder in the lower end, is 
1*7. then heated for some time, first just 

above the substance to insure a draft of air, and finally directly 
under it. Straight tubes can be used for almost all experiments, 
but sometimes the powder has a tendency to fall out, and then 
a bent tube, Fig. 17, may be used. The powder is placed near the 
bend, and the flame applied somewhat above it so as to insure a 
draft of air. 

For a list of the open-tube reactions, see Chapter IV, p. 141. 

Diamond Mortar.—The most convenient form is shown in 
Fig. 18. It is made from the very best tool-steel, and is almost 




Fig. 18. 



indispensable for pulverizing minerals. A small fragment, not 
over 6 mm. in diameter, is placed in the cavity; the pestle is then 
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inserted, and struck several sharp blows with a hammer. If the 
pestle, which should not fit too closely, is twisted so as to give 
a sort of milling motion, a very fine powder can be obtained. 
The mortar can be readily cleaned by grinding up bits of glass 
and wiping the cavity and pestle with a dry cloth. 

Mortars made in three parts. Fig. 19, which are frequently 
recommended and kept in stock by dealers, are not as serviceable 
as the kind described in the foregoing paragraxfii. 

Agate Mortar and Pestle.—These, Fig. 20, are used for reduc¬ 
ing minerals to a very fine powder. The mortar 
should be from 5 to 8 cm. in diameter. The 
mortar and pestle are used for grinding, nei^er 
for pounding hard bodies. 

If a diamond or agate mortar is not at haiub 
mineral fragments may be pulverized by wrapping in several folds of thick 
paper, and hammering on an anvil. A cheap porcelain mortar will also 
serve for grinding all but very bard minerals. 

Hammer.— -A small, artisan’s hammer will answer most x)ur- 
poses. 

Anvil.—'A small block of hardened steel, or any convenient fiat 
steel surface (as the base of a diamond mortar) is suitable. 

Pliers.—Cutting-pliers are very serviceable for detaching and 
breaking up small fragments of minerals. Those 
shaped like Fig. 21 are made especially for this 
purpose, but ordinary pliers, such as are used for 
cutting wire, are an excellent substitute. 

File.—A small three-cornered- file is used for 
cutting glass tubes. A notch is cut in one side of 
the tube, which is then half pulled, half broken 
in two. 

Magnet.—A common horseshoe magnet, or a 
magnetized knife-blade, serves to recognize mag¬ 
netic bodies. A magnetic needle is sometimes 
useful for delicate determinations. 

Lens.— A good magnifying-glass will be found very useful. 




Fig. 20. 
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An acliromatic triplet, of about 1 incli focal length, is best, but is 
expensive, and a cheaper form of lens will answer. 

Watch-glasses.—A number of these, from 3 to 4 cm. in diam¬ 
eter, will be found convenient for holding mineral fragments and 
powders. Small butter-plates or white 
porcelain India-ink slabs with three or 
more depressions serve the same purpose. 

Metal Scoop.—This, Pig. 22, is well Pict* 22. 

adapted for handling powders, and especially for transferring 
them to tubes. 



Ivory Spoon and Spatula.—An ivory spoon. Fig. 23, with a 
bowl 5 X 10 mm. inner diameter, is useful for handling powders 

and dry reagents. The handle, if 
serves as a spatula 
28. for handling and mixing reagents. 

A knife-blade also makes an excellent spatula. 

Test-tubes.—For making tests in the wet way, test-tubes are 


very necessary. They should be 
from 15 to 20 mm. in diameter 
and about 16 cm. long, A large 
feather will be found very conven¬ 
ient for cleaning such tubes. A 
test-tube stand, Fig. 24, and some 
form of holder, for use when 



liquids are to be boiled, should be 24. 

obtained. One like Fig. 25 can be cut from a piece of pine. 



Fig. 25. 


Beakers and Flasks.—A few of these, of various sizes, will 
prove of much service. The largest ones need not have a capacity 
of over 150 cc. 

Funnel and Filter-paper.—A glass funnel about 5 cm. in 
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diameter and a supply of filter-papers are needed. It will be well 
to buy cut papers, 7 and 9 cm. in diameter, from dealers. 

Filtering and Washing.—To make a filtration, a piece of 
paper is folded twice upon itself, thus forming a quadrant, and 
this is opened so as to form a conical cup, having three thick¬ 
nesses of paper on one side and one on the other. It is snugly 
inserted into a dry funnel, and moistened with water. The 
material to be filtered is then poured upon the paper, care being 
taken not to have it go above the top. When the liquid has all 
run out, water is added till even with the top of the pamper, or 
dropped around the edge so as to moisten every part. By 
repeating this several times, the soluble materials are wholly 

washed away from the insoluble 
portions. 

Porcelain Dishes.—Those with 
handles, called casse7'oles, Pig. 26^ 
are most convenient for boilino- 

o 

liquids and making evaporations. 
Prom 7 to 9 cm. in diameter is a good size. 



Porcelain Crucibles.—Tkese should be about 3 cm. in diameter, 
and are useful in a number of ways, especially for obtaining a 
small quantity of a precipitate which has been collected upon a 



filter-paper and needs to be subsequently examined. For this 
purpose the paper is put into the crucible, and the latter, sup¬ 
ported on a triangle made of iron wire, Pig. 27, is heated over a 
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lamp until the carbon of the paper has completely burned away, 
leaving the precipitate together with the trifling ash of the paper. 

Lamp-stand.—This may be purchased from dealers, or one 
like Fig. 27 may be easily made. By slightly bending the 
coil of wire which goes about the upright, the proper degree 
of tension may be obtained, so that the ring will move readily 
up and down, and yet stay fixed in any position. 

Wash-bottle.—This, Fig. 28, can be made from a flask, or 
from any bottle having a neck wide enough to receive a doubly 
perforated stopper. 

Dropping-bottles and bulbs.—A form like that shown in Fig. 
29, about 36 mm. in diameter, is convenient 
for water, when only a small quantity is 
needed. If less than two thirds full, by 
closing the larger opening and inverting, the 
heat of the hand will expand the air and 
drive out the w^ater drop by drop. Fig. 30 
represents a form with a bulb 30 mm. in Fig. 29 . 



/| diameter, and is convenient for holding reagents which 
III are to be used a drop at a time. In order to fill it, 

III the bulb is warmed and the end dipped under the 

surface of the liquid, when, on cooling, a few 
fz drops of the latter will enter. This is then 

boiled to expel the air, and the tip again 
Fig. 30. brought quickly under the liquid, when the 
condensation of the steam will cause the liquid almost 
immediately to rush in. The bulb should not be more 
than two thirds full. A convenient form of dropping- 81. 
bottle with hollow stopper is shown in Fig. 31. 

Pipette.—A glass tube of 5 mm. inner diameter, heated over 

a lamp and drawn out to a capil- 

.'.". ... ' . ’ lary, Fig. 32, will serve as a 

pipette^ and will be found useful 
for taking up small quantities of liquids and introducing them 
into tubes. 
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Part 2. Reagents, 

Meagents are substances employed to produce clianges in 
bodies, in order to test their composition. They are known as 
dry, gaseous, or wet, according as they are used in the solid, 
gaseous, or liquid form. Most of them can be obtained, suffi¬ 
ciently pure, at drug stores or from dealers in chemicals. The 
solids and liquids should be carefully labelled and kept in suitable, 
well-stoppered bottles. For greater convenience, however, it is 
well to have on hand a supply of some of the more common 
dry reagents in wooden or glass pill-boxes about 4 cm. in diameter. 

DRY REAGENTS. 

Sodium Carbonate, 'JSra,CO,.—Dry sodium carbonate may be 
purchased, or it may be made by heating the commercial bicar¬ 
bonate in a porcelain dish until it becomes anhydrous. Sodium 
carbonate is used for decomposing many substances, and owes its 
action to the tendency of sodium to unite with non-metallic or 
acid-forming elements. Thus, ZnS NUjCO, = NajS -j- ZnO CO,. 
Fusions with sodium carbonate are frequently made in a loop on 
platinum wire, and in order to obtain a bead, it is recommended 
to make the material into a thick paste with water, to take this 
up in the loop, Fig. 11, and to fuse in an oxidizing flame. The 
bead should be clear when hot, but white and opaque when cold. 
If heated in the reducing flame, it will be brown, owing to the 
presence of carbon. 

For a list of some of the reactions with sodium carbonate, see 
Chapter IV, pp. 145 and 151. 

Borax, or Sodium Tetraborate, N'a,B,O,.10H,O.—The crys¬ 
tallized commercial salt is usually sufficiently pure, and is broken 
into coarse powder for use. Borax is generally fused into a bead 
on platinum wire, and to make this, the platinum loop, Fig. 11, is 
heated and touched to the salt, and the adhering material fused 
before the blowpipe until a clear glass is obtained. The bead 
should be lenticular in shape, and clear and colorless. To 
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introduce the material to be tested into the bead, touch the latter 
when hot to a small particle of the substance, or to a little of the 
powder, and heat before the blowpipe. Borax dissolves various 
substances, especially the oxides of the metals, and with many of 
them gives characteristic colors. 

For a list of the tests, see Chapter IV, p. 148. 

Borax-glass.—This is needed for only a few experiments. A 
little at a time may be made by fusing borax in a rather large 
loop on platinum wire, and crushing the glass in a diamond 
mortar. It may also be purchased. 

Phosphorous Salt, or Hydrogen Sodium Ammonium Phos¬ 
phate, HNaNH,P0,.4H;,0; sometimes called Microcosmic Salt .— 
This is generally fused into a bead on platinum wire. The bead is 
made in the same way as the borax one, but the material becomes 
very liquid, and is apt to drop from the loop when first heated. 
This may be avoided, however, by heating gently at first, and 
holding the bead just above the flame, so that the escaping steam 
and the force of the blast may buoy up the liquid. The salt is 
changed by fusion to Sodium METAPi-rospnATE, NaPO^. The 
reactions with sodium metaphosphate beads are mostly similar to 
those with borax, and a tabulated list of them will be found 
in Chapter IV, p. 149. 

Test-papers.— Blue litmus- and yellow turmeric-impeT may he 
purchased from the dealers. The former is turned red by acids, 
and the latter reddish-brown by alkalies. The turmeric-paper also 
serves for the recognition of boracic acid and zirconium. For use, 
these papers are conveniently cut into narroiv strips. 

Potassium Bisulphate, HKSO,, and Potassium Pyrosulphate, 
KjSjO,; sometimes called AcicL Sulphate of Potash. —This can. be 
made by heating crystallized potassium sulphate with half its 
weight of concentrated sulphuric acid (10 grams K,SO, and 3 cc. 
HjSO.) in a porcelain dish until vigorous frothing ceases. The 
fusion solidifies to an opaque mass, which should be pulverized 
and preserved in a well-stoppered bottle. Heating changes 
HKSO, into pyrosulphate, K,S,0„ and finally to normal sulphate. 
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KjSO,. A variety of miaerals are decomposed by fusion with . 
potassium bisulphate, and such fusions may be made eitlier in 
the platinum spoon, porcelain crucible, or often even in a test- 

tube. 

Potassium Bisulphate and Fluorite.— The finely pulverized 
materials, mixed in the proportion of 3 parts of the foi-mer to 1 of 
the latter, are useful for detecting boron in some of its combina¬ 
tions, and it is well to have a small supply of the mixture on 
hand. The mixture when heated liberates hydrofluoric acid. 

2HKS0. + CaF, = K,SO, + CaSO, + 2HP. 

Potassium Iodide and Sulphur.— The pulverized materials, 
mixed in equal proportions, are used for detecting bismuth and 
lead. 

Oxide of Copper, CuO.—This is useful for detecting chlorine. 
A little of the oxide may be purchased, or made by dissolving 
copper in nitric acid, evaporating the solution to dryness, and 
igniting to redness in a porcelain dish. A little imwdered cui)rite 
or malachite will answer equally well. 

Potassium Nitrate, KNO,.—This is used occasionally for 
fusing with minerals when an oxidation is required. 

Bone-ash,—This is needed for the silver assay. It will be best 
to purchase a small supply from a dealer. 

Granulated Tin, Zinc, and Lead.—These may be purcluised 
from the dealers. The first two are used, generally with acids, in 
making reductions, as they dissolve in acids with evolution of 
hydrogen, and change many combinations from a higher to a 
lower valence. Thus, SFeCl, Zn = SFeCl, -f ZnCl,,, or possibly 
FeCl,-j-H = FeCl,HCl. Lead is used for the silver assay, 
and should be free from silver. This is commonly called test- 
lead. 

Magnesium.—This may be useful for detecting phosphoric 
acid. It is best to have the magnesium ribbon. 
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GASEOUS REAGENTS. 

Hydrogen Sulphide, H^S.—When a little of this reagent is 
needed it may be generated in the simple appa¬ 
ratus shown in Fig. 33. The bottle contains frag¬ 
ments of ferrous sulphide, FeS, and concentrated 
hydrochloric acid diluted with an equal volume 
of water is poured in through the thistle-tube, so 
as to give as nearly constant a flow of gas as pos¬ 
sible. FeS -f- 2HC1 = HgS FeClj. By means 
of a glass tube and a rubber connection, the gas 
may be led into any liquid in order to bring about 
a precipitation. 

Chlorine, Cl.—This reagent is seldom needed, 
but a little of it may be prepared by warming 
powdered pyrolusite, MnO^, with concentrated 
hydrochloric acid (p. 101), and carrying oft' the Fig. 33. 
chlorine by means of a bent glass tube running through a per¬ 
forated cork. Chlorine-water^ or water saturated with chlorine 
gas, is sometimes used. 

WET REAGENTS. 

Wet reagents, especially acids^ should be kept in bottles with 
ground-glass stoppers, and should be handled carefully. Acids 
when boiled give off disagreeable and corrosive fumes, and it is 
quite essential that these should be carried off by a good draft, 
which may be accomplished by arranging a hood or small chamber 
connecting with a chimney-flue. If acids are spilled upon fabrics, 
the spots should be immediately moistened with ammonia to 
neutralize the acid, and then thoroughly washed with water. 

Water.—Distilled water is best, but clean rain-water may be 
substituted. It is convenient to keep a. supply of water in a wash- 
bottle, Fig. 28. 

Hydrochloric Acid, HOI.—This reagent is a solution of HCl 
gas in water. The pure concentrated acid of the dealers contains 
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about AOfo HCl, and for most oper-ations it is best to use tlie acid 

diluted with an equal volume of water. 

Nitric Acid, HNO,.—This is useful for dissolving many min¬ 
erals, and in the concentrated form it is a strong oxidizing agent. 
The acid is exceedingly corrosive and needs to be handled very 
carefully. 

Nitrohydrochloric Acid, or Aqua Regia.—This is prepared by 
mixing 1 part of nitric acid and 3 of hydrochloric. It is a pow(jr- 
ful solvent and oxidizing agent. 

Sulphuric Acid, H,SO„ or Oil of Vitriol.—This needs to be 
handled with much care. 'W hen added to water, a gieat deal of 
heat is generated, and when hot (boiling-point 83S“ C.), water 
should never be added to it. For many tests it is well to employ 
a dilute acid, made by adding 1 volume of acid to 4 of water. 

Hydriodic Acid, HI.—This is needed for only a few tests, and 
does not keep well, as it decomposes, with separation of free 
iodine. It may be prepared by suspending iodine in water, pass¬ 
ing hydrogen sulphide gas into the liquid until the solution 
becomes colorless, and then decanting from the separated sulphur. 
It is convenient to keep a supply of this in a dropping-bottle. 
Fig. 31. 

Hydrochlorplatinic Acid, H,PtCl,; often called Platinio Chlo¬ 
ride .—This is useful for detecting potassium in presence of 
lithium and sodium. Its preparation is explained under platinum 
(Chapter III, p. 103). 

Ammonium Hydroxide, IJ’H.OH; commonly called Ammonia .— 
This reagent is a solution of ammonia-gas, NH,, in water. It is 
a strong alkali, and should not be added to acids unless the latter 
are cold and dilute. 

Potassium Hydroxide, KOH.—This is another strong alkali. 
Its solution does not keep well in glass, and it will be found more 
convenient to have the stick potash broken up and preserved in a 
well-stoppered bottle 

Barium Hydroxide, BaOjH,.—A solution of this may be pre¬ 
pared by dissolving the crystallized salt in 20 parts of warm water, 
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coolmg and filtering off tlie insoluble material, which consists 
mostly of barium carbonate. Calcium hydroxide, lime-water, 
CaOJIjj, may be substituted, and is jprepared by shaking up a 
small quantity of quicklime with water, allowing this to stand 
for some hours, and then decanting off the clear liquid. 

Ammonium Sulphide, (ISTEJ^S.—This may be preimred by 
saturating a little ammonia with hydrogen sulphide, and then 
adding two thirds the volume of the same ammonia. On long 
standing it turns yellow, and then contains an excess of sulphui\ 

Ammonium Molybdate, (NH 4 ) 2 Mo 04 .—This is almost indis¬ 
pensable for the detection of jDliosphates. It may be j)repared by 
dissolving molybdic oxide, M 0 O 3 , in ammonia, and pouring the 
solution into dilute nitric acid, being careful to have an excess of 
the latter. The solution is allowed to stand, and anything that 
may separate out is filtered off. 

Cobalt Nitrate, 00 (^ 03 ) 2 .—The crystallized salt is dissolved 
in 10 parts of water, and the solution kept most conveniently in a 
dropping-bulb. Fig. 80. It is used for moistening infusible 
substances, especially those containing aluminium and zinc, which 
are afterwards intensely ignited before the blowpipe, and assume 
characteristic colors. Cobalt nitrate when ignited is decomposed, 
yielding a deposit of cobalt oxide wpon the assay, ( 00 (^ 03)3 = 
C 0 O + 2 NO 2 + O), and this oxide unites with it, giving colored 
compounds of unknown composition. The reagent may be applied 
to a fragment of mineral held in the platinum forceps, but the 
reaction usually succeeds better if the finely powdered mineral is 
made into a thin paste with the cobalt nitrate solution, and a little 
of this, placed upon charcoal, is intensely ignited before the 
blowpipe. This latter method is especially recommended for hard 
and compact minerals. 

Aqueous solutions of the following salts may be kept in glass- 
stoppered bottles, or, if they are to be used only occasionally, it 
is recommended to keep a supply of the pulverized dry salts on 
hand, and to dissolve a small quantity in a test-tube when needed. 

Ammonium Carbonate, (]SrH,) 2 C 03 .—The commercial, dry salt 
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is a mixture of ammonium bicarbonate, HNH^CO^, and ammonium 
carbamate, NH,NH CO,. Its solution in water, however, may be 
regarded as containing normal ammonium carbonate, (NII^), 003 . 

Ammonium Oxalate, (NII^),C, 04 . 2 H 20 . 

Di-Sodium Hydrogen Phosphate, Na,HP 04 . 12 H, 0 ; commonly 
called SodiuM Phosphate, 

Barium Chloride, BaC]2.2H,0. 

Silver Nitrate, AgNOg. 

Potassium Ferrocyanide, K4Pe(C]Sr)6.3II,0. 

Potassium Ferricyanide, KgPe 3 (CN),a. — An aqueous solution 
of this salt does not keep well. 

Ammonium Sulphocyanate, NH^CNS. 

The list of reagents, both wet and dry, might be cousidei’ably 
enlarged, but the principal ones have been given, arid those not in 
the list which are mentioned in subsequent cliap)ters can be easily 
procured. Any reagents used in a w^ell-equipped chemical labo¬ 
ratory may at times be found convenient. 

Solution.—Of the foregoing reagents, water and the mads are 
commonly employed for dissolving substances. The appropriate 
solvent for a mineral can be learned only by exiierience or by a 
knowledge of the chemical composition of the material. As most 
minerals are insoluble in water, its use as a solvent is limited. 
Hydrochloric acid is most generally employed, and is preferred to 
other strong acids, as it is safer to handle. Nitric acid is needed 
when an oxidation is required, as when sulphides or ai'senides are 
to be dissolved. It is seldom necessary to use sulpliuric acud. 

In order to dissolve a mineral it is best to treat some of the 
finely poiodered material in a test-tube with from 5 to 10 cc. 
of the solvent (it may be necessary to try several solvents before 
the appropriate one is found), and, if the material does not 
dissolve in the cold liquid, the contents of the tube should be 
heated to boiling, which, in the majority of cases, greatly facili¬ 
tates solution. 

Precipitation.—When insoluble compounds are formed by 
adding reagents to solutions, the process is called precipitation. 
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When solutions are mixed, precipitation will take place, provided 
an insoluble compound can be formed by the interchange of the 
chemical constituents. For example, when aqueous solutions of 
sodium chloride and silver nitrate are mixed, a white precipitate 
of silver chloride will be formed, because silver chloride is insol¬ 
uble in water. NaOl + AgNO^ = AgCl + NaNOa. Precipitation 
furnishes a means for detecting many elements, and it is also 
useful for separating substances, since the insoluble precij)itates 
maybe collected on filter-papers and thus removed from solutions. 

Paet 3. Ojst the Nature and Uses of Flames. 

Combustion.—This is ordinarily an oxidation process^ and 
where a flame is produced, the latter results from the combination 
of carbon and hydrogen of different gases and vapors with the 
oxygen of the air, the final products of the oxidation being carbon 
dioxide, CO^, and water, H^O. 

When a lamp or candle is burning, the oil or the melted 
material of the candle is carried up into the wick by capillary 
attraction, and is there converted by the heat of the flame into 
gas or vapor, which burns. Such gases, as well as ordinary 
illuminating-gas, are not definite chemical compounds, but 
mixtures, usually of different combinations of carbon and hydro¬ 
gen, and are known as hydrocarbons. Water-gas, with which 
many cities are now supplied, is made by blowing steam through 
glowing coals, when the following reaction takes place : H^O +C = 
2H -j- CO. The resulting gas (a mixture of hydrogen and carbon 
monoxide), which burns with a non-luminous flame, has to be 
mixed with some volatile material rich in carbon, in order to 
make it luminous. 

The Candle Flame.—This, Fig. 34, has been chosen as repre¬ 
senting a typical luminous flame, and may be regarded as 
containing three distinct parts, as follows: 

(1) An outer part, a, where the gases are fully exposed 
to the oxygen of the air, and where the combustion is com- 
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plete; that is, where carbon is burned to CO,, and hydrogen to 
H,0. These gases form an invisible envelope about all 
ordinary flames. 

(2) An inner zone, 5, the luminous part of the 
flame, is characterized by an incomplete combustion, 
since only a limited supply of oxygen, which pene¬ 
trates the outer envelope, is available. Hence, carbon 
burns to its lower oxide, carbon monoxide, CO, wliile 
hydrogen forms H,0. Moreover, the heat of the flame 
decomposes some of the gas, with separation oijlndy 
dmded carbon. This being heated to incaiidescence 
Fia. 34. renders the flame luminous, and will dex)Osit as soot 
upon any cold substance held in the flame. 

(3) Still further within the flame is the zone c, which contains 
the unburned gases as they are first formed 
by the heat and rise up from the wick. 

The three zones, a, b, and c, naturally 
grade into one another, and are not separated 
by sharply defined boundaries. 

The Bunsen-burner Flame.—This, Fig. 35, 
has three zones corresponding to a, b, and 
€, of the candle flame, except that sufiicient 
air is allowed to mix with the gas to 
prevent the separation of carbon in b. The 
flame, therefore, is non-luminous and depos¬ 
its no soot. The outer envelope, a, contain¬ 
ing CO, and H,0, is invisible; the zone b, 
containing CO, some CO,, and H,0, is pale 
violet; and the inner zone, c, containing a 
mixture of unburned gas and air, is sharply 
outlined against 6 by a pale blue border. 

Special precautions should be taken that 
the flame does not snap down and burn at Fio. 35. 
the base. 
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The Blowpipe Flame.—This is produced by placing the tip 
of the blowpipe into the gas or lamp flame, and blowing a mod¬ 
erately strong blast of air. If a gas flame is used, it should burn 
from the jet e, Pig. 4, p. 13, 
and should be from 3 to 4 cm. 
high. O':: 

The operator should be com- 
fortably seated at the table, 
his arm resting upon its edge, 
and the blowpipe grasped near 
the water-chamber, between the thumb and first and second 
fingers of the right hand. The blast should be so regulated 
that the flame will be deflected into a slightly tapering, dis¬ 
tinctly outlined, blue cone. Fig. 36, in which the zones a. 5, 
and c, correspond exactly to those of the Bunsen-burner flame. 
The flame should not appear luminous, except, perhaps, a small 
portion just above the blowpipe tin, which is not carried along 
by the draft. If the hole in the tip is well bored, the flame will 
neither flutter nor show irregularities, even when the blast is 
strongest. 

Heating and Fusion.—The hottest part of the blowpipe flame 
is at r. Fig. 36, just beyond the tip of the inner blue cone. At this 
point, minerals are heated to determine their fusibility or other 
phenomena which they may exhibit. Even platinum can be readily 
melted if in the form of fine wire (not over 0.2 mm. in diameter), 
so as not to radiate nor conduct away the heat too rapidly. 

In testing minerals, the size and shape of the fragment to be 
used is a matter of considerable importance. If too large, it is 
difficult, often impossible, to heat it up to the desired tempera¬ 
ture, while, if too small, the reaction may not show with sufficient 
distinctness. Beginners almost invariably err in taking too large 
pieces. Usually the" reaction succeeds best either with a splinter 
or a fragment with a thin edge, and a size about as large as a lead- 
pencil point (1 mm. in diameter and 4 mm. long) can be recom¬ 
mended. The fragment should be held in the forceps in such a 
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manner that the greater part of it projects free beyond the plati 

num tips in order that lieat may 
not be wasted in warniiiig up 
the metal, and so that a point or 
thin edge of the mineral is turned in the 
direction of the flame, Fig. 37. Any chunge 
which the mineral undergoes may be a, help 
in its identiflcation, and should be eare- 
Fia 37. fully noted; e.g., whether fusible or infu¬ 
sible, and in the former case the degree of fusibility and the 
manner in which the mineral fuses, wlietliei cpiietly oi with 
intumescence (swelling); whether to a clear, w^liib-, or vesicular 
(Ml of bubbles) glass; whether to a light- or dark-(‘olor(‘d mass 



or slag, or to a magnetic or non-magnetic mass. 

Decrepitation.—It freqnently happens that a miinvral, wlien 
introduced into the blowpipe flame, snaps or exp]()d(‘s, so that it 
is difficult and often impossible to secure a piec‘e which, can be 
held in the forceps and heated. This phenomenon, know'u as 
decrepitation^ maybe due to unequal expansion of ilu^ matei‘ial. 
More often, however, it results from the presence in tlu^ mimu*al 
of minute cavities containing gases or liquids ((M>rnmoTily waiter, 
sometimes liquid carbon dioxide), the expansion of wdiicli caaises 
the explosion. 


At times a fragment of a decrepitating mineral may be heated in the 
forceps, if at first very carefully introduced into the ordinary gas or lamp 
flame, so that it becomes slowly and uniformly heated before being subjected 
to the more intense heat of the blowpipe flame. Another way is to heat sev¬ 
eral large pieces in a closed tube until decrepitation ceases, when, on durnp- 
ing out the fragments, one may be selected of the right size and shape to be 
taken in the forceps and heated before the blowpipe. When tl\e above 
methods fail, the following, suggested by Berzelius, may be resorted to: 
G-rind the mineral to a very fine powder, make into a thin paste with water, 
then spread out a drop of this upon a clean charcoal surface, and heat 
before the blowpipe, at first very gently, finally as intensely as possible. If 
fusion has not already been observed, a coherent cake will usually be 
obtained, which with care can he lifted in the forceps, and its edge intro¬ 
duced into the blowpipe flame. 
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Flame Coloration.—The heat of the blowpipe flame is so 
intense that many substances are volatilized, and several of the ele¬ 
ments in them may then be recognized by the colors they impart to 
the flame (compare table, Chapter IV, p. 136). The test may be 
made with a fragment held in the clean platinum forceps, as shown 
in Fig. 37, but usually it succeeds better when a minute quantity 
of the finely powdered material is taken upon a clean platinum 
wire and introduced into the Buusen-burner or blowpipe flame. 
For the latter purpose, a wire may be cleaned by heating until it 
imparts no coloration to the flame, or, if there is much material 
adhering to it, it may be boiled in any strong acid, then washed 
with water and heated (compare Sodium, jxllfl, §1,&). The straight 
wire is next moistened with pure water, and its end touched to the 
powdered mineral so as to take uj) a minute quantity of the 
material, which is then introduced into the flame. Often the 
merest trace that will adhere to a dry wire is sufficient to give a 
magnificent flame color. The tests are, as a rule, exceedingly 
delicate, and the essential condition to be fulfilled is that the 
material shall be heated Jtot enough to volatilize the element or 
compound which gives the color. Often a sufficient temperature 
cannot be obtained when a rather large fragment held in the 
forceps, or considerable material supported in a loop on plati¬ 
num wire, is heated before the blowpipe. 

The colors are best seen in a dark room, but as this is usually 
not convenient a dark screen (book-cover) as a background will be 
found advantageous. 

Oxidation.—By oxidation is meant the union of a substance 
with oxygen (compare Combustion, p. 31). Many substances 
when heated before the blowpipe readily take on oxygen from the 
air and are oxidized. The flame then imparts nothing to them, 
but simply brings about conditions favorable for the taking up of 
oxygen. For example, pieces of wood or a copper vsdre under 
ordinary conditions may be kept almost indefinitely, but if they 
are intensely heated, with access of air, the former burns, or 
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oxidizes, and tlae latter is gradually converted into copper oxide, 
CuO. 

Oxidizing Flame.— The flame represented in Pig. 36 is usually 
called the oxidizing flame, and the part favorable for oxidation 
is at 0 , beyond the blue and violet cones, c and b, and especially 
where the air can and the carbon monoxide in h cannot have 
access to the substance. 

Reduction.—Usually by the term reduction is meant the 
taking away of oxygen. In a more general sense, it may refer to 
’the formation of a metal from any of its compounds, or to the 
change of some element in chemical combination from a higher to 
a lower valence. Thus, the conversion of CuO or Cu.,S to metallic 
copper, or of FeCl, to PeCl, (ferric to ferrous chloride), would be 
spoken of as reductions. 

Reducing Flame.—By means of the blowpipe flame, reductions 
are made by taking away oxygen, and this is accompli.shed by 
heating substances so that -they are exposed to the action of car¬ 
bon monoxide. Carbon monoxide, CO, is a reducing gas, since it 
has a tendency to take on oxygen and become carbon dioxide. 



COj. Many oxides, therefore, when heated with CO give up their 
oxygen, and are reduced either to a metal or to a lower oxide. The 
following equations will illustrate this; CuO + CO = Cu+CO,, and 
Fe,0, + C0 = 2PeO + CO,. The part of the flame most favorable 
for reduction is at r. Pig. 36, where the heat is intense and carbon 
monoxide predominates. When a substance is large, it is fre¬ 
quently impossible to make a satisfactory reduction in a flame 
like that shown in Fig. 36, for, whhe a portion is exposed to the 
action of carbon monoxide in the zone 5, another portion must 
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project into the air and will there have a tendency to oxidize. 
In such cases, a broader flame, Fig. 38, should be used. This is 
made by deflecting the gas or lamp flame by a gentle blast, and 
regulating the latter so that the flame is slightly luminous, but 
still does not deposit soot upon the assay held at r, 

Keductions are frequently made on charcoal, and the reducing 
action of the carbon monoxide is then augmented by that of the 
glowing carbon. 

The following experiments will serve to illustrate the use and. 
application of the blowpipe: 

«. To prove that water, and carbon dioxide, CO^, are products of 
combustion, take a dry bottle and for a few seconds deflect a small blow¬ 
pipe flame down into it, Fig. 39. The water 
which condenses on the sides of the glass has 
resulted from the oxidation of the hydrogen in 
the gas. That the bottle also contains CO.^ may be 
proved by adding a little clear barium hydroxide 
water, inserting the stopper, and shaking, when 
a white precipitate forms, which is barium car- , 
bonate, BaCO^. 00 ,+Bii 0 ,n,=BaC 03 +H. 0 . '' 

b. To show the intense heat of the blowpipe 
fl.aine, and to acquire skill in the manipulation of 
the instrument and in maintaining a continuous blast, fuse platinum wire 
and fragments of minerals used in the scale of fusibility (p. 230). The 
platinum wire should not be over 0.2 mm. in diameter, and it is best to bend 
it near the end and hold it end on toward the flame (compare Fig. 37). 

c. To show that the inner portion of a flame contains a zone of 
unburned gas, make use of a Bunsen-burner flame, Fig, 35, and hold a glass 
tube across it at r until it becomes quite soft; then remove from the flame, 
and draw out to a narrow tube. Kext, hold the narrow tube across the 
flame at s, and observe that it softens in two places where it passes through 
the edges of the flame, but the portion within the cone c neither fuses nor 
becomes red-hot. By holding one end of a rather narrow glass tube in c, a 
little of the unburned gas may be drawn off to one side, and burned at tlie 
other end of the tube. 

d. To make "a flame test, take a fragment of barite, BaSO^, in the 
forceps, and heat before the blowpipe, as shown in Fig. 37, until a distinct 
color is obtained. Barium imparts a yellowish-green coloration to the 
outer part of the flame. Barite also fuses at about 3 in the scale of fusibil¬ 
ity, and Is very apt to decrepitate. Also test the flame coloration by taking 
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up powdered barite on platinum wire, as directed on p. ^15, and heating both 
in the blowpipe and the Bnusen-biTriier flames. In the hitter case, introduce 
the material into the edge of the flame, at about r, Fig. 35. 

e. To test the reducing character of the blow})i])e flame, make some 

experiments with hematite, Fe ,03 (a splintery variety is best), which should 
not be magnetic before heating, but becomes so upon reduction to a lower 
oxide, Feot Taking afresh fragment for each experiment, hold it in the 
forceps, and heat before the blowpipe for several seconds at the points o, r, 
and 5 , Fig. 36, and, after cooling, test with a magnet. If the fragments 
become at all magnetic, it shows that the reducing gas, carbon monoxide, 
was present in that part of the flame where they were heated. + 00 

= 2 FeO + OO 3 . The reduction is strongest at r, the tip of tlic blue cone, 
where the heat is most intense, and diminishes toward 0 , but it is impossible 
to make a general statement of just where reduction ceases, as tliis depends 
both upon the size of the flame and strength of tlic blast. 

f. To illustrate reduction and oxidation, select a small splinter of hema¬ 
tite, make sure that it is not magnetic, and then heat for an i)isUinl only 
in the reducing flame, so as to form FeO sufficient to make tlio fragment 
only slightly magnetic. It should then be heated for a consideralflo time 
at a point Fig. 36 (beyond the point where carbon monoxide exists), until 
the FeO has taken up oxygen from the air, and become oxidized to Fc.p.„ 
when the fragment will cease to be magnetic. Considerable ca,re and skill 

* are necessary for performing this experiment successfully. If the fragment 
becomes very magnetic, it will be best to start with a fresli one, for the 
oxidation goes on slowly, and it will require a long time for its completion. 
Further, if FeO has on the splinter, it will be almost impossible 

to complete the oxidation with the blowpipe, since, although the outer 
surface may be converted into Fe^Og, the air will not be able to reach the 
interior and make the oxidation complete. 

g. To further illustrate oxidation and reduction, make a borax bead on 
platinum wire, as directed on p. 24; touch the bead when hot to a very small 
particle of pyrolnsite, MnO,, and dissolve the latter in the borax by heating 
at about the point 0 , Fig. 36. If the experiment is successful, tlie head 
should have a fine reddish-violet color, while if it is black or very dark, 
too much pyrolnsite was added, and a new bead should be made. The color 
is due to an oxide of manganese higher than MnO, and if the bead is heated 
in the reducing flame, MnO will be formed, and the bead will become color¬ 
less. In order to make a reduction of this kind, the following suggestion 
is offered: Heat the bead very hot at r, Fig. 36, where reduction goes on, 
and then, without interruption, change the position of the blowpipe and 
the character of the blast in order to make a more bulky flame, Fig. 38, so 
that the head may be completely protected from the oxidizing action of the 
air. If the colorless .bead is further heated, so that the air has access to it* 
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the reddish-violet color, characteristic for manganese, will again appear 
(compare p. 93, § 2). In making both oxidations and reductions, it is a 
great advantage to be able to heat the substances very hot. 

The Uses of Charcoal.—Both reductions and oxidations are 
made on charcoal. For the former, the best results are obtained 
by inclining the charcoal, and directing the flame downward, so 
as to strike the assay a little beyond the tip of the blue cone, as 
shown in Fig. 40. The combined effect of the flame and the burn¬ 



ing charcoal gives an intense heat, and the reducing action may 
be made very strong. Further, many elements are volatilized, 
and, passing into the air, take on oxygen and deposit character¬ 
istic coatings of oxide on the coal. 

For a list of the coatings and the effects of heating on char¬ 
coal, see Chapter IV, p. 143. 

Roasting.—This is a term which is often applied to the heat¬ 
ing of substances in contact with air. It generally results in 
oxidation, and is most conveniently done on charcoal. In order 
to roast a substance, the finely powdered material is spread out 
on the surface of the charcoal so as to allow free access of air, and 
is then heated with a small oxidizing flame, Fig. 41, at a consider¬ 
able distance beyond the tip of the bine cone. 

The heat required for roasting is very moderate—scarcely a red 
heat. If possible, the material should not be allowed to fuse, as 
it then does not expose sufficient surface to the air. When very 
fusible minerals are to be roasted, it is often best to mix them 
with about an equal volume of powdered charcoal, which prevents 
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tie material from running together, and subsequently burns 
away. Another way is to fuse and continue to heat tlie riuiterial 
until the more volatile constituents are driven out, and then to 



pulverize with a little charcoal, and roast carefully by means of a 
small oxidizing flame. 

Eoasting is a very important metallurgical process, especially 
in treating ores containing sulphur, arsenic, or aritiinony, as these 
elements are removed as volatile oxides, leaving oxides of the 
metals which are subsequently reduced. 

The following experiments will serve to illustrate some of the 
effects which may be produced by heating on charcoal: 

a. To illustrate the formation of a metal, take a very little powdered 
malachite (Cu.OH),CO,, and three times as muoli of a nii.vtiiro of equal 
parts of sodium carbonate and borax as a flux, moisten to a ixiste witli water, 
then heat intensely, as shown in Pig. 40, until tlie copper fuses and collects 
to a globule. 

h. To illustrate the formation of a metal and a coating of oxide, take a 
little powdered cerussite, PbCO,, an equal volume of powdered charcoal and 
3 volumes of sodium carbonate, moisten to a paste with water, then lieat for 
some time, as shown in Pig. 40, until the lead unites to a globule and a 
considerable coating of yellow lead oxide collects on tlie charcoal. 

c. To illustrate oxidation or roasting, place some iinoly ])owdoro.d pyrite, 
PeS,, on a flat charcoal surface, spread the material out into a thin layer, 
and heat very gently with a small oxidizing flame, as sliown in h^ig. 41. 
The pyrite is thus oxidized, yielding sulphurous auliydrida gas, SO,, detected 
by its odor, and a residue of Pe,0,, or a mixture of Pe,0, with PeO. If 
t e roasting is continued until the material no longer emits an odor of 
burning sulphur, the oxidation will be complete, or nearly go, and the rosi- 
due will have the dark red color of ferric oxide. 



CHAPTEE III. 


REACTIONS OF THE ELEMENTS. 

For convenience of reference, the subject matter of this chapter 
has been arranged alphabetically. In studying the reactions of 
the common elements, however, it may be recommended to take 
them up in the following order, which has been chosen partly 
according to Mendeleeff’s system of the elements, and 

partly to bring together some of the elements which exhibit simi¬ 
larities in their analytical reactions :* 

1. Hydrogen, p. 81. 4. Potassium, p. 105. 7. Strontium, p. IIG. 10. Zinc, p. ISO. 

2. Litliium, 90. 5. Magnesium, 91. 8. Barium, 52. 11. Copper, 71. 

3. Sodium, 115. 6. Calcium, 58. 9. Aluminium, p. 12. Silver, 113, 

* In the descriptions of tests and experiments, sizes and distances will be given 
in millimeters and centimeters; quantities of powders and dry reagents in terni^ of 
the ivory spoon; and the volume of liquids in cubic centimeters. 



Pig. 42 .—Inch and centimeter scales, ivory spoon, and end of a test-tube with cubic 
centimeters indicated upon it. All natural size. 
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13. Lead, p. 87. 18. Cobalt, p. 71. 

14. Mercury, BS. 19. Kickel, 96. 

15. Chromium, 69. 20. Oxygeu, 100. 

16. Manganese, 92. 21. Sulphur, IIS. 

17. Iron, 82. 22. Fluorine, 75. 


23. Chlorine, p. 67. 28. BisiuuUi, p. 54. 

24. Boron, 56. 29. Carbon, /;/. 

25. Phosphorus, 101. 30. Silicon, 107, 

26. Arsenic, 31. 'Titanium, 

27. Antimony, 32. Tin, 125. 


Aluminium, AL—Trivalent. Atomic weiglit, 27. 

OccuRRENCE.—-Next to oxygen and silicon, aluminium is prob- 
ably the most abundant element in the crust of tlie eartli (p. 3), 
It is a metallic element, occurring most iTeciueutl>' in t he group ot 
silicates, while it is also found in a number of oxides, fluorides, 
phosphates, and sulphates. Kaolinite, II,Al,Si,0,; (‘yaiiite, 
AbSiOe; orthoclase, KAlSi^O^; almandine garnet, ; 

corundum, ALO,; and cryolite, Na^AlF^, may serve as examples of 
its compounds. Aluminium also plays the part of a, weak a(*id, 
and by some authors, spinel, MgAl.,0, = MgO.Al.,03, and a few 
similar compounds are regarded as alurninates. Aluminium is a 
constituent of most rocks, almost the only excei)tion8 being the 
carbonates, sandstones, and quartzites. 

Detection.— Igniting with cobalt nitrate is the only satisfac¬ 
tory blowpipe test for aluminium. For a test in the wet w\ay, 
precipitation with ammonia is recommended, 

1. Test with Cobalt Nitrate .—Infusible minerals containing 
aluminium, if moistened with cobalt nitrate and intensely igiiited 
before the blowpipe, assume 9 ^ fine blue color. Cobalt nitrate on 
ignition yields cobalt oxide, CoO, which is black, a.nd this oxide 
unites in some inexplicable w^ay with the alumina to give the 
characteristic blue color. In applying the test to very liard min¬ 
erals it is best to powder them, then moisten with cobalt nitrate 
and heat either on charcoal or on a small loop on platinum wire. 
The test is restricted to compounds which are light colored, or 
become so on ignition, and is not characteristic if applied to fusible 
minerals, as cobalt oxide may impart a blue color to any fused 
material or flux. Zinc silicates also give a blue color, p. 133. 

Apply this test to fragments of cyanite, Al^SiO^, held in the forceps, 
and to finely powdered corundum, Al^O,. 

2. Precipitation with Aimnonia. —Ammonia, when added in 
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slight excess to an acid solution containing aluminium, precipi¬ 
tates gelatinous aluminium hydroxide^ Al(OH) 5 . A great many 
other substances yield, with ammonia, gelatinous precipitates 
resembling aluminium hydroxide, and therefore it is necessary to 
make the following additional tests: Collect the precipitate 
on a filter-paper, wash with water, transfer some of it to a test- 
tube, and add potassium hydroxide, when the precipitate, if it is 
aluminium hydroxide, will go easily and completely into solution. 
Burn the paper containing the precipitate in a porcelain crucible 
(Fig. 27, p. 22), and test the residue with cobalt nitrate. 

Dissolve an ivory spoonful of alum, KA1(S0,),.12U,0, in a test-tube 
in 5 cc. of hot water, add 2 cc. of hydrochloric acid, and then ammonia in 
slight excess; that is, until a distinct odoi- of ajumonia is perceptible after 
the contents of the tube have been thoroughly nii.xed. Filter off the pre¬ 
cipitate, and test as recoinmeuded above. 

3. For detectinri aluminium in insoluble silicates, Avhere the 
above methods cannot be directly applied, see p. 110, § 4. 

Ammonium, NH,.—Univalent. Molecular weight, 18. 

OccuiiUENcn.—The radical ammonmm, Nil,, plays the part of 
a metal, and in its clieraical relations is very similar to pootassium. 
Minerals containing ammonium are of rather rare occurrence, and 
are generally soluble in water. Sal ammoniac, NH,C1, and struv¬ 
ite, NB[,MgP0,.6H,0, are exampdes of its compounds. 

Detection.— Compounds containing ammonium, when boiled 
with a solution of potassium hydroxide, or heated in a closed tube 
with lime (ignited calcite), yield the strong and very characteristic 
odor of ammonia. 

Antimony, Sb.—Trivalent and pentavalent. Atomic weight, 

120 . 

OcctTERENCE.— Antimony is found chiefly in combination with 
sulphur, either as stibnite, Sb^S,, or as sulpJiantimonites, which 
are salts of sulpTiantimonious acids, H,Sb,S,, H,Sb 5 S,, H.Sb^S,, 
H„Sb,S,, etc. The composition of the sulphantimonites is fre¬ 
quently expressed as a combination of Sb,Sj with sulphides of 
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tlie metals, examples being, - zinkenite, PbSb,S. = PbS.Sb,S,; 
jamesonite, Pb,Sb,S, = 2PbS.Sb,S,; pyrargyrite, Ag.SbS, = 
3 Ag,S.SbA; and tetrahedrite, Cu^Sb^S, = 4Cu,S.Sb,S,. (See also 
the snlpharsenites (p. 47), with which the sulphantimonites are 
frequently isomorphous.) Antimony also occurs native, rarely in 
combination with metals as antimonides, breithauptite, NiSb, and 
occasionally in different combinations with oxygen, senanuontite, 
Sb,0,, and cervantite, Sb,0.. 

Detection.— Antimony may usually be detected by tlie coat¬ 
ing of oxide formed by roasting on charcoal or in the open tube. 
The closed-tube reaction is also recommended for sulphide of 
antimony. 

1 . Boasting on Charcoal: Coating of Oxide .—Most anti¬ 
mony compounds, when heated on charcoal in the oxidizing hame, 
yield a dense white sublimate of oxide of antimony, which de¬ 
posits quite near the heated part (compare Arsenic), and appears 
bluish if the coating is thin, so that the black of the charcoal 
shows through it. The coating is due to volatilization of the 
antimony and its oxidation in passing into the air. It is quite 
volatile when heated before the blowpipe either in the oxidizing 
or reducing flames, and may be driven about and made to change 
its place on the charcoal. The fumes have no distinctive odor 
(difference from arsenic). In the absence of other elements which 
give coatings on charcoal, this test serves as a very simple and 
characteristic one for the detection of antimony. Wliere other 
elements (especially lead and bismuth) interfere, the open-tube 
reaction will give confirmatory and decisive results. 

Some oxides of antimony are not volatile in the oxidizing 
flame, and when these are to be tested it is necessary to heat them 
in a reducing flame to convert the antimony to the metallic state, 
so that it win. volatilize and give the coatir g of oxide described 
above. 

Test the foregoing with stibnite, Sb^S,. Place about i ivory spoonful of 
it on a flat charcoal surface, and heat with a small oxidizing flame (]>. 40, 
Pig. 41) until the material is completely volatilized. Note that the sublimate 
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deposits close to the heated part (difference from arsenic), and test its 
Tolatility in both the oxidizing and reducing flames. The odor which may 
he observed is due, not to the antimony, but to sulphur (p. 119, § 2). 

2. Roasting in the Open Tube: Sublimate of Oxide. —When 
metallic antimony and its compounds with sulphur are heated in 
the open tube, oxides of antimony are formed and deposit as sub¬ 
limates on the walls of the tube, but the products vary somewhat 
with the conditions. If sulphur is present, the oxide usually 
appears as a dense white smoke, and most of it settles for a 
considerable distance along the under side of the tube, while some 
of it condenses as a ring rather near the heated part. The ring is 
Sb^Og, and when examined with a lens will frequently be found to 
consist of two kinds of crystals, octahedrons and prisms, corre¬ 
sponding to senarmontite and valentinite, two forms of Sb^Og 
found in nature. When heated, this part of the sublimate is 
completely volatile, and may be driven up and out of the tube, 
although much more slowly than oxide of arsenic. The white 
sublimate which condenses along the bottom of the tube is prob¬ 
ably antimonate of antimony, SbSbO^. It is non-volatile^ in¬ 
fusible, and becomes straw-yellow when hot, but white again 
when cold. In the absence of sulphur and in some compounds 
containing it (apparently those that oxidize slowly), only the vol¬ 
atile ShgOg forms. Just why the presence of sulphur causes the 
formation of the higher oxide is not known, but probably its 
oxide acts in some way as a means for transferring oxygen, 
changing Sb^Og to Sb^O^. 

Test the above with stibnite, Sb^Sg, using about ^ of an ivory spoonful, 
and lieating very carefully, as d.irected on p. 19. Test also the volatility 
of the sublimate, and compare the reaction carefully with the correspond¬ 
ing one for arsenic (p. 48, § 2). To obtain the wholly volatile sublimate 
of SbgOg, heat a little metallic antimony in the open tube. 

3. Heating in the Closed 7^5^.—Sulphide of antimony and 
many sulphantimonites, when heated in a closed tube, yield a 
characteristic looking sublimate of oxysulphide of antimony, 
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Sb,S,0. This requires a rather intense heat for its production. 
It is volatilized with difficulty, and appears bhick when hot, but 
changes on cooling to a rich reddish-brown. 

Metallic antimony cannot be volatilized in a (dosed glass tube, 
except at a very high temperature, where hard glass softens. 
Owing to this behavior, arsenic and antimony, which frequently 
occur together, especially in sulpharsenites and sulphaiit imouites, 
may sometimes be conveniently separated and ideiitilied, since 
arsenic and its sulphides volatilize readily. After driving the 
sublimate a short way up the tube, cut off the latter a, litthe below 
it, and test for the arsenic by the open-tube method (p. 48, 2). 

After removing the residue from the tube, test it for antimony, 
either before the blowpipe on charcoal, or in the op(m tube. To 
test for arsenic in presence of antimony, see also p. 49, 4. 

Take a small fragment of stibnite in a closed tube, ami heat it at a liigli 
temperature and for a considerable time. The small ciiiaiitity of air in the 
tube is all that is necessary to bring about the reaction shown by the 
following equation: Sb^S, + 0 = Sb,,S.,0-f S. A slight ring of sulphur 
deposits beyond the antimony sublimate. This is ono of the few closed- 
tube reactions where the air in the tube plays an important part. 

4. Test with Hy dr iodic Acid on a Gypsum TahJH .—Antimony 
compounds, when treated according to directions givu'ii on p. 17, 
yield a beautiful red coating of iodide of antimony, wliich disap¬ 
pears when held over strong ammonia. 

5. Flame iTesf.—When antimony compounds are luxated before 
the blowpipe in the reducing flame, antimony volalilizc-.s and im¬ 
parts to the flame a pale greenish color. The precautions against 
alloying the forceps, mentioned on p. 15, should be observed. 

6. Oxidation with Nitric Acid .—When antimony or its sul¬ 
phides are treated with concentrated nitric acid, the antimony is 
oxidized to metantimonic acid, SbOjOH (?), which is a white sub¬ 
stance, very insoluble in water and in nitric acid. By ‘diluting 
with water and filtering, quite a satisfactory separation of anti¬ 
mony may be obtained from other substances with which it is apt 
to occur in combination. The material on the filter-paper may be 
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examined for antimony by heating before the blowpipe on char¬ 
coal, and the different metals in the filtrate may be precipitated by 
appropriate reagents. This treatment will frequently be found 
convenient, especially for detecting a small quantity of antimony 
in presc ace of arsenic. 

Arsenic, As.—Trivalent and pentavalent. Atomic weight, 75. 

OccuERENCE.— Arsenic usually plays the part of a non metallic 
element, and forms three important classes of compounds,—the 
'Arsenides, the sulpharsenites, and the arsenates. In arsenides, 
ihe metals are united directly with arsenic ; as nicolite, WiAs, and 
smaltite, CoAs^. These compounds are analogous to the sulphides 
and are often isomorplious with them. Several compounds are 
known which are combinations of arsenide and sulphide; as 
the commonest of the arsenic minerals, arsenopyrite, FeAsS = 
FeAs, -f FeS,. The sulpharsenites may be regarded as salts 
of sulphursenious acids, H,,As,S,, HgVSjS,, H,As,S,, H,As,S,, 
etc. Examples of these compounds are sartorite, FbAs,,S, = 
PbS.As^Sg dufrenoysite, Pb,As 5 S,= 2 PbS.As,S 3 ; proustite, Ag^AsS^ 
, =3Ag,S.As,Sg and tennantite, Cu,As,S,=4011,8.As^S,. The num¬ 
ber of Sulphantimonites, is quite large, but they are of rather 
rare occurrence (compare sulphantimonites, p. 43). Enargite, 
CUsAsS, = 3Cu,S.As,S,, is a snlpharsenate or salt of sulpharsenic 
acid, HjAsS,, but other salts of this acid are exceedingly rare. 
The arsenates, salts of arsenic acid, H,AsO,, are analogous to 
the phosphates, and although a great many of them are known, 
they are of rather rare occurrence. Examples are mimetite, 
Pb,(PbCl)(PO,) 5 ; olivenite, Cu(CuOH)AsO,; and scorodite, FeAsO,. 
2H,0. In addition to the foregoing classes of compounds, the ele¬ 
ment occurs as native arsenic, as the sulphides, realgar, AsS, and 
orpiment, As,S,, and sparingly as the oxide, As,0,. 

Detection. —^The method that should be used for the detec¬ 
tion of arsenic depends upon whether or not the mineral contains 
oxygen. With those compounds containing no oxygen, it is best 
to employ an oxidation process, such as roasting on charcoal ©r in 
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the open tube. Heating in a closed tube is a good method for 
some compounds. With arsenates it is necessary to employ a 
reduction process. 

Tests for Arsenic in Alinerals containing Wo Oxijgen. 

1. Roasting on Charcoal: Coating of Oxide: Arsenical Odor.— 
When arsenic, its sulphide, or an arsenide, is heated before the 
blowpipe on charcoal, volatile products are given olf, and the 
arsenic unites with the oxygen of the air to form As,C),, a white, 
volatile substance, which condenses on the charcoal at a, consid¬ 
erable distance from the assay. The fumes that are given off 
when the assay is heated in the reducing dame have a disagree¬ 
able, garlic-like odor with which one soon becomes familiar, and 
which serves as a characteristic test for the identiiication of the 
element. The odor is perhaps due to the formation of a little 
arseniuretted hydrogen, AsH,. It does not come from As,0,, for 
this, when volatilized without reduction, gives no odor. 

The tests mentioned above may be very well observed by heating either 
the powder or fragments of arsenopyrite, FeAsS, on a flat charcoal surface. 
Note carefully that the sublimate deposits at a considerable distance from 
the assay, and test its volatility by heating with a blowpipe flame (com¬ 
pare Antimony, p. 44, § 1). In addition to the garlic odor of the arsenic, 
the sulphur, especially after the assay has been heated for some time, yields 
a strong pungent odor of SO, (p. 119, § 2), which is entirely dilTerent from 
that of the arsenic, and must not be mistaken for it. 

2. Roasting in the Open Tube. —^When arsenic, an arsenide, or 
a sulphide of arsenic, is heated in an open tube, a sublimate of 
white crystalline arsenious oxide, As^O,, is formed, and condenses 
as a ring on the sides of the glass. The srrblimate is further char¬ 
acterized by being volatile, so that it can be readily driven up and 
out of the tube by heating. The crystals of As^O, develop best 
where the glass is rather warm, and by breaking the tube and 
examining them with a microscope it will be found that they are 
usually simple, but occasionally twinned, octahedrons. 

Heat from to of an ivory spoonful of powdered arsenopyrite, 
FeAsS, in an open tube, and observe the reactions mentioned above. 
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2FeAsS + 10 0 = Fe^O, + 280, + As^Oj. If a yellow deposit of sulphide 
of arsenic forms, or a black one of arsenic, it indicates that the oxidation 
has not been made properly; either the substance was heated too rapidly, 
or there was not a sufficient draft of air passing up the tube to bring about 
the oxidation (see p. 19). 

3. Heating in the Closed Tube: Arsenical Mirror. —When 
arsenic and some arsenides are heated in the closed tube, arsenic 
volatilizes and condenses on the cold walls of the tube. When 
very little deposits, the sublimate appears brilliant black (arseni¬ 
cal mirror); but if much of it is driven off, that which is nearest 
to the heated end crystallizes and appears gray. If the tube is 
broken just below the sublimate and heated so that the arsenic 
volatilizes, the characteristic garlic odor may be observed very 
distinctly, perhaps better in this way than in any other, and a 
very little arsenic is sufficient to give it. 

Test the above with arsenopyrite, FeAsS. At first, perhaps, a little 
yellow sulphide of arsenic may be driven off, but the arsenical mirror soon 
makes its appearance. Owing to the greater affinity of iron for sulphur 
than for arsenic, the change which the mineral undergoes is essentially as 
follows : FeAsS = FeS -v As. 

The sulphides of arsenic, realgar, AsS, and orpiment, As,S,, when 
heated in the closed tube, are completely volatilized, condensing at first as 
a reddish-yellow sublimate, changing to dark red or almost black when hot, 
and to reddish-yellow when cold. 


4. Special Test for Oxide of Arsenic. —An exceedingly deli¬ 
cate test, proposed by Berzelius, may be made by placing a little 
oxide of arsenic at the bottom of a closed tube drawn out as in 
Fig. 43, and above it, a splinter of 
charcoal. Heat is first applied at 
the upper end of the charcoal, until 

the latter becomes red hot, and then at the lower end, when 
the oxide of arsenic volatilizes, becomes reduced in passing the 
red-hot charcoal, and condenses above as an arsenical mirror. 
This method will be found very convenient for testing coatings of 
oxides, obtained by heating before the blowpipe on charcoal, when 
there is any doubt as to whether they contain arsenious oxide. 
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It wiU also be especially useful when it is desired to detect 
arsenic in the presence of antimony, for^ the two elements 
freciuently occur together, and both give volatile white coatings on 
charcoal, but antimony oxide gives no mirror when ti-euted as 
above. It is to be noted, however, that when a considerable 
quantity of antimony is taken, a trilling dark deposit of some 
antimony compound may form near the charcoal, but this 
should not be mistaken for the characteristic arsenical mirror, 
which forms a considerable distance up the tube. In oidei to 
make the test, it is only necessary to scrape up a little of the 
coating which is farthest away from the assay (a little charcoal 
powder with it does no harm), and heat in the tube as dii ected 

above. 

5. Test with Ey dr iodic Acid on a Gypsum TaUd..—A\:%o\\\c 
compounds, when treated according to diiectioiis givtui oii p. 17, 
yield a very volatile orange to yellow coating of iodide of a-rseiiic. 

6. Flame Test.—li arsenic is volatilized from a mineral by heat¬ 
ing before the blowpipe in the reducing Jlame, it imi)ai-ts to the 
latter a violet tinge. The color may also be obtained when either 
arsenic or its sublimate of oxide in a tube is volatilized, so tha t it 
passes from the end of the tube into the I’educing part of a 
Bunsen-bumer flame. 

7. Oxidation with Nitric TlcicZ.—Compounds of arsenic, when 
boiled with concentrated nitric acid, are, with few exce])tions, 
oxidized and dissolved, with formation of arsenic a,ei<h TI,AsO.. 
To detect arsenic in the solution, the methods given beyond under 
arsenates (§ 9, 1) may be employed. 

ARSENATES. 

Detection. —The reduction of arsenates in the closed tube, 
with the formation of an arsenical mirror, furnishes the best 
means of detection. The oxidation and roasting processes used 
for the detection of arsenic in arsenides and other compounds 
containing no oxygen cannot be applied to arsenates, as they are 
already oxidized. 
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1. Reduction in the Closed Tube: Arsenical Mirror. — a. AV'ith 
few exceptions tlie arsenates are readily fusible, and for all sncli 
tlie following decisive test may be applied: In a narrow closed 
tube place a few splinters of charcoal and a fragment of the 
arsenate, and heat intensely with a blowpipe flame, so that the 
fused mineral comes in contact with the charcoal. Under these 
conditions the arsenate is reduced^ and the arsenic volatilizes and 
forms an arsenical mirror. 

b. Provided the arsenate is infusible in the closed tube, and in 
the absence of easily reducible metals, such as lead, copper, or 
iron, proceed as follows: Mix a little of the finely powdered 
mineral with 4 volumes of dry sodium carbonate and a little 
powdered charcoal, transfer to a closed tube, warm gently at first, 
and then heat intensely in a Bunsen-burner or blowpipe flame. 
Under these conditions the arsenic, resulting from the reducing 
action of the charcoal, will volatilize and condense on the glass as 
an arsenical mirror, 

c. When the foregoing tests cannot be applied, mix the pow¬ 
dered mineral with about 6 volumes of sodium carbonate, and fuse 
either in a platinum spoon or on a flat charcoal surface, using an 
oxidizing flame. The fused material is transferred to a test'tube, 
boiled for a minute with about 5 cc. of water, in order to dissolve 
the souium arsenate resulting from the fusion, and then filtered. 
To tile filtrate hydrochloric acid is added in excess, then an excess 
of ammonia, which may cause the precipitation of some arsenate, 
and lastly a little magnesium sulphate solution, in order to precip¬ 
itate the arsenic as ammonium magnesium arsenate, NH^MgAsO*. 
Filter off the precipitate, dry it by pressing between blotting- 
paper, mix a little of it with sodium carbonate and charcoal 
powder, and heat in a closed tube as directed in § b. Provided 
the preci]3itate is small, place the filter-paper containing it in a 
porcelain crucible, char the paper by very gentle ignition, and 
test the charred material, mixed with a little sodium carbonate and 
charcoal powder, in a closed tube. 
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Barium, Ba.—Bivalent. Atomic weig'lit, 137. 

OccuEEENCE.—Barium, is an alJcoZi-ewi'tli nietal^ ■vvliieliis found 
cLuite abundantly in barite, BaSO,, and in some regions in 
witlierite, BaCOj, but otber combinations containing it are 
seldom met with. It occurs in only a few silicates (liyalophane, 
barmotome, brewsterite), and sparingly in the igneous rocks ol 
some regions. 

Detection.— Usually barium may be readily detected by the 
flame coloration, alkaline reaction, and precipitation as barium 
sulphate. 

1. Flame ThsiJ.—Barium gives a yellowdsh-green coloration to 
the flame, which may sometimes be intensified by moistening the 
assay with hydrochloric acid. The color cannot be obtained 
directly from silicates, and must not be mistaken for that of boron 
and phosphorus. 

Make the experiment with barite or witherite, holding fragments in the 
forceps and heating before the blowpipe. Make the test also by heating 
some of the powder on a platinum wire, as directed on p. 35. 

2. Alkaline Reaction .—With the exception of the silicates 
and phosphates, barium minerals become alkaline upon intense 
ignition before the blowpipe. A similar reaction is obtained with 
other minerals containing alkalies and alkaline earths. 

Heat fragments of barite or witherite, and place them upon moistened 
turmeric-paper. For the cause of the alkaline reaction, see Calcium 
(p. 58, § 1). 

3. Precipitation as Barium Sulphate. — Barium sulphate, 
BaSO,, is very insoluble in water and dilute acids, and wdll be pre¬ 
cipitated, therefore, from solutions containing barium, upon the 
addition of a few drops of dilute sulphuric a,cid. The test is a 
very delicate one, and will always serve to distinguish compmunds 
containing barium from those containing boron and phosphorus, 
which may give green flame colorations. It will also serve for the 
detection of barium in silicates and other compounds. 
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a. Dissolve i ivory spoonful of witlierite in 3 cc. of dilute hydro¬ 
chloric acid, warm if necessary, dilute with from 10 to 15 cc. of water, and 
add dilute snJplmric acid, when a white precipitate will form, which is 
barium sulphate. This should be collected on a filter-paper, washed with 
water, and tested on platinum wire, as directed under § 1. 

h. To apply this test to silicates, dissolve in hydrochloric acid (after 
previous fusion with sodium carbonate, if the mineral should happen to be 
insoluble, see p. 110, § 4), separate the silica, precipitate barium sulphate 
with sulphuric acid, collect oii a small filter, and make a fiame test ou 
platinum wire. If both barium and strontium are present, a mixed flame 
will be obtained, and, after moistening with hydrochloric acid, often the 
red of strontium will appear* strongest at first, while later the green of 
barium may be seen. In order to obtain decisive results, it may be necessary 
to make use of a spectroscope. 

4. Specific Graoity .— On account of the high atomic weight of 
baiiinn, minerals containing it are characterized by high specific 
gravities, considerably greater than those of the corresponding 
strontium or calcium compounds (see p. 118, § 4). 

Beryllium, Be.—Bivalent. Atomic weight, 9, 

OccuRKENCE.—Although usually regarded as a rare element, beryllium, 
sometimes called glucinum, Gl, is found in the common mineral beryl, 
BegAl 2 (SiOg)g, and in a number of others which are not very rare; as 
ehrysoberyl, phenacite, leucophanite, helvite, euclase, gadolinite, heryllonite, 
and herderite. 

Detection. —There are no satisfactory blowpipe reactions for beryllium, 
and tests must be made, therefore, in the wet way, which requires some 
skill in manipulation. 

a. If the mineral is a silicate, treat it according to directions given on 
p. 110 j § 4, for the solution of the mineral and separation of silicic acid; 
then heat the filtrate from the silica to boiling, and precipitate the beryllium 
with ammonia, which will also cause precipitation of iron, aluminium, 
and possibly other elements, if present. Ammonia precipitates beryllium 
hydroxide, which resembles aluminium hydroxide in appearance. This is 
filtered and washed well with water, transferred together with the paper 
to some vessel, and warmed with dilute hydrochloric acid in order to dis¬ 
solve it. The paper is filtered off, and the filtrate evaporated carefully 
(best in a casserole) until only a drop or two of the acid is left. After cool¬ 
ing, a few drops of water are added to obtain everything in solution, and 
then a little potassium hydroxide solution, a drop at a time, and just suffi¬ 
cient to dissolve the precipitate of beryllium hydroxide which forms at 
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first. The solution is then diluted with cold water to a volume of at least 
50 cc., any precipitate of ferric hydroxide or other material filtered ofE, 
and the filtrate boiled for a short time, when, if beryllium is present, a pre¬ 
cipitate of beryllium hydroxide will appear. The precipitate, if collected 
on a filter-paper and ignited, yields beryllium oxide, and this when ignited 
with cobalt nitrate assumes a not very decisive lavender color. 

b. If the mineral is a phosphate, special treatment is needed. The 
powdered mineral is dissolved in hydrochloric acid (after fusion with 
sodium carbonate, if necessary); when cold, ammonia is added until a per¬ 
manent precipitate forms, and then hydrochloric acid, a drop at a time, 
until the solution becomes clear. To the now nearly neutral, cold, and not 
too concentrated solution, sodium acetate is added, and the prenit)itated 
beryllium phosphate, which may also contain ferric and alnniinium phos¬ 
phates, is filtered and washed. The precipitate is next ignited in a crucible 
until the carbon of the paper is destroyed, aiid is then fused in platimim 
with sodium carbonate, by which treatment sodium phosphate and beryllium 
oxide are formed. The fusion is then treated with hot water to dissolre 
the sodium, phosphate, the beryllium oxide is collected on a iiltor-paper and 
washed, and it is afterwards dissolved in hydrochloric acid and tested with 
potassium hydroxide, as described under a. If it is known that the 
alkali-earth metals are absent, the mineral may be fused directly with 
sodium carbonate, and treated like the above sodium carbonate fusion. 

Bismuth, Bi.—Trivalent. Atomic weight, 208. 

OccuERENCE.—Bismuth plays the part of a weak basic element 
and also that of an acid-forming one, and is of rather rare occur¬ 
rence in minerals. It is found native and as sulphide, selenide, 
teUmide, oxide, silicate, and carbonate. The combinations of its 
sulphide with sulphides of the metals, the suTpJwhism.yifJtiies, are 
analogous to the sulphantimonites and sulp)harsenites, 

Detection.— IJsually bismuth may be readily detected by its 
reactions on charcoal and by the iodine tests. 

1. 2ieductio?i on Gharcoalto Metallic Bismuth, and Formation 
of a Coating of Bism/ath Oxide .—^Usually bismuth can be readily 
reduced from its compounds by mixing ^ ivory spoonful of the 
powdered mineral with about 3 volumes of sodium carbonate and 
heating on charcoal in the reducing flame. The globules of the 
metal thus obtained are readily fusible and are bright when in the 
flame, but become covered with a coating of oxide when exposed 
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to the air. They are brittle, and, if removed from the charcoal 
and hammered on an anvil, they may flatten to some extent at first, 
but cannot be beaten into a thin sheet like lead. Heated before 
the blowpipe, bismuth is somewhat volatile, and its vapor passing 
into the air becomes oxidized, and settles on the coal as a lemon- to 
orange-yellow coating of bismuth oxide, which is white at a dis¬ 
tance from the assay. The coating may be volatilized by heating 
in both the oxidizing and reducing flames without imparting any 
color to them. The reactions are quite similar to those of lead, 
but may be distinguished by the iodine tests. 

Make the test by heating any simple bismuth miiierab or the commer* 
cial oxide of bismuth, as directed above. A somewhat better idea of the 
bismuth coating may be obtained by removing a globule of the metal and 
heating it alone before the blowpipe on a fresh piece of charcoal. 

2. Iodine Tests .—An excellent test proposed by von Kobell 
consists in adding to a small portion of the powdered mineral 
3 or 4 times its volume of a mixture of potassium iodide and 
sulphur (p. 26), and heating before the blowpipe on charcoal 
with a small oxidizing flame, when a coating is produced which 
is yellow near the assay, and bordered on the outer edges by a 
brilliant red. 

The test on a gypsum iflate, made as directed on p. 17, yields 
a chocolate-brown coating of bismuth iodide, which is changed to 
a brilliant red by exposing for a short time to the fumes of strong 
ammonia. 

3. Tests in the Wet Way .—If the mineral is soluble in hydro¬ 
chloric acid, evaporate the solution until only a few drops remain, 
and then pour it into a test-tube about one third full of water, when 
a white precipitate of bismuth oxychloride, BiOCl, will form, which 
may be collected on a filter and tested, as in § 1. If the mineral is 
not soluble in hydrochloric acid, dissolve in nitric, then add expess 
of hydrochloric acid, concentrate to a small volum:e and poqy iiUtp 
water, as directed above. If the presence of lead is suspepted, 
dissolve in nitric and 2 or 3 cc. of concentrated , sulphuric ^cid, 
evaporate in a casserole until the nitric acid is all, expelled, ^ud, 
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after cooling, digest with water and filter off the insoluble lead 
sulphate, which may be tested according to p. 87, § i. To the 
filtrate, add ammonia to precipitate bismuth hydroxide, and this, 
when collected on a filter, may be tested according to § 1. 

Boron, B.—Trivalent. Atomic weight, 11. 

OoouREBiroE.— Boron is the characteristic, non-metallic ele¬ 
ment of boric acid, H,BO„ and its salts, the borates. The latter 
are not very common, borax, Na,B.O,.10H,O, being the most im¬ 
portant. Boron is also found as a constituent of a number of sili¬ 
cates ; as tourmaline, axinite, datolite, and danburite. Boron 
minerals have usually been formed by the action of vapors given 
off during igneous activity. 

Detection. —Boron may be detected by the flame coloration 
and the test with turmeric-paper. 

1. Flame Many boron minerals when heated before the 

blowpipe impart a green color to the flame. The color is a rather 
bright one, inclining somewhat to yellow (siskin-green), ana 
must not be confounded with that of barium, from which it may 
readily be distinguished by other tests. 

Minerals which do not give the boi-on flame when heated alone 
usually show it when their powder is mixed intimately with about 
3 volumes of the potassium bisulphate and fluorite mixture 
(p. 26), and heated rather gently before the blowpipe or in a Bun- 
sen-bumer flame. The mixture is most conveniently introduced 
into the flame by taking up a little of it on the end of a hot plati¬ 
num wire or in a small loop. The hydrofluoric acid liberated by 
the mixture attacks the mineral, forming boron fluoride, BF„ and 
this gives a green flame coloration, which is usually of only mo 
mentary duration. 

Tests may lie made •with datolite, Ca(BOH)SiO,, or daulmrite, 
CaB,(SiOJ,, -which give a green flame color when heated alone, and also 
with tourmaline, in which case it is necessary to make use of the potassium 
bisnlphate and fluorite mixture. 

3. Test with Turmeric-paper .—^If turmeric-paper is moistened 
with a dilute hydrochloric acid solution of a mineral containing 
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boron, and then dried at 100° C. (on the outside of a test-tube con¬ 
taining boiling water), it assumes a reddish-brown color, and this 
is changed to inky-black by moistening with ammonia. The test 
is very delicate and satisfactory, and may be applied to all boron 
minerals, for, if insoluble in acids, they may be dissolved after 
fusion with sodium carbonate, as directed on p. 110, §§ 3 and 4. 

Bromine, Br.—Univalent. Atomic weight, 80. 

OccUKREJsrCE.— This non-metallic element is found very rarely in min¬ 
erals, the only ones of importance being the silver ores, einbolite, AgCl with 
AgBr, and bromyrite/AgBr. The bromides, salts of hydrobromic acid, 
are mostly sola ble in water. 

Detection. —Many of the reactions of bromine are similar to those of 
chlorine and iodine. Silver nitrate precipitates silver bromide, AgBr. 
When a bromide is heated in a bulb tube with potassium bisnlphate and 
pyrolusite, bromine is liberated, and may be distinguished by the red color 
of its vapor, and the formation of liquid bromine if the reaction is strong. 
(Chlorides and iodides when similarly treated yield chlorine gas and iodine, 
respectively.) Silver bromide, when heated in a closed tube with galena, 
yields a sublimate of lead bromide, which is sulphur-yellow when hot, and 
white when cold. 

For the detection of bromine in presence of iodine, see p. 69. 

Cadmium, Cd.—Bivalent. Atomic weight, 112. 

Occurrence. —Cadmium is a rather rare element, and is mostly found 
associated with zinc in some varieties of sphalerite and smithsonite. Only 
one cadmium mineral is known, greenockite, CdS. 

Detection. —If minerals containing cadmium are mixed with sodium 
carbonate and heated before the blowpipe on a fiat charcoal surface in the 
reducing flame, metallic cadmium is readily formed and volatilized. The 
element unites with the oxygen of the air, and the resulting oxide collects 
on the charcoal as a reddish-brown coating, which is yellow distant from 
the assay, and usually iridescent if only a little of it forms. 

In the presence of zinc, the foregoing method may sometimes be em¬ 
ployed, since, owing to the ease with which cadmium is reduced and vola¬ 
tilized, its coating will appear before that of zinc. It is better, however, to 
proceed as follows: Dissolve from 4 to 6 ivory spoonfuls of the mineral in 
nitric acid, add 1 or 2 cc. of concentrated sulphuric acid, and evaporate in 
a casserole until the nitric acid is removed. On cooling, add about 100 co. 
of water and 10 cc. of hydrochloric acid, filter, and pass hydrogen sulphide 
gas through the filtrate for half an hour, then filter off the precipitated 
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cadmium sulphide, and wash with water. Place the paper containing the 
precipitate upon a piece of charcoal, add sodium carbonate, and heat before 
the blowpipe, first with a small oxidizing flame until the paper is burned, 
and then in a reducing flame to obtain the coating of cadmium oxide. 

Caesium, Cs.—Univalent. Atomic weight, 133. 

OcctJEEENCE.— This very rare alkali metal has been found in pollucite, 
H.Cs . 41 ,( 810 ,),, and in small quantities in some varieties of lepidolite and 
beryl.* Rubidium is often found with caesium. 

Detection-. —Caesium is similar to potassium, and may he precipitated 
as caesium platinio chloride, Cs,Pt01, (see p. 106, § 3). Hie piecipitate it 
much more insoluble than the corresponding potassium compound, sepa¬ 
rates in a finer condition, and has a paler color. To make sure of its iden¬ 
tity, it is best to heat some of the precipitate on a platinum wire, and 
examine the flame with a spectroscope. 

Calcium, Ca.—Bivalent Atomic weight, 40. 

OocuEEENOE.— This alkali-earth metal is found very abun¬ 
dantly in nature (see p. 8). It is a constituent of many silicates 
and of most rocks, while its combinations with hydrofluoric, car¬ 
bonic, sulphuric, phosphoric, and other acids are very common. 
Examples of important calcium minerals are calcite, CaCO,; 
fluorite, CaF,; gypsum, CaS0,.2H,0; pyroxene, CaMg(SiO,),; 
and apatite, Ga,(CaF)(PO.),. 

Detection. —Usually, the best methods to apply are the alka¬ 
line reaction after heating, and the precipitation as calcium sul¬ 
phate, carbonate, or oxalate. 

1. Alkaline Beaotion. — Calcium minerals become alkaline 
upon ignition before the blo-wpipe, with the exception of the 
silicates, phosphates, borates, and the salts of a few rare acids. 
A similar reaction is obtained -with other minerals containing 
alkalies and alkaline earths. 

a. Heat a fragment of calcite before the blowpipe, and place it upon a 
piece of moistened turmeric-paper. In this experiment, the heat drives out 
00, from the calcite, leaving lime, OaO, which dissolves to some extent in 
the water and gives the alkaline reaction. 

h. Heat a fragment of fluorite, and place it upon moistened turmeric- 
paper. In this experiment, water (one of the products of combustion) reacts 
to some extent upon the fluorite, as follows- CaF, H,0 = CaO -f- 2HF. 
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Fluorite, if heated in a closed tube, would not decompose nor become 
alkaline. 

c. Heat a fragment of gypsum and test on turmeric-paper. In this ex¬ 
periment, the intense heat of the blowpipe flame is perhaps sufficient to 
drive out SO 3 from OaSO^, although the water resulting from combustion 
undoubtedly assists very much in bringing about the decomposition (com¬ 
pare p. 81, § 1 , where only neutral water is given ofl by heating gypsum 
in a closed tube). 

2. Flame Test —A few calcium compounds when heated before 
the blowpipe volatilize to some extent and give a yellowish-red 
coloration to the flame. The color is often weak, and in testing 
most calcium minerals it does not appear at all. Since calcium 
chloride is volatile, the color may often be observed when the 
assay is heated, after moistening with hydrochloric acid. The 
flame must not be mistaken for the much redder one of strontium 
(see p. 116, § 1), 

Heat a fragment of calcite in the . platinum forceps, and observe that it 
gives only a very little or no color to the flame; then touch it to a drop of 
hydrochloric acid and heat again. Better still, mix powdered calcite with 
a drop of hydrochloric acid, then touch the end of a clean platinum wire 
to the mixture, and introduce it into a Bunsen-burner or blowpipe flame, 

3. Precipitation as Calcium Sulphate {Gypsum), —As gypsum, 
0 aSO,. 2 H 3 O, is rather insoluble in water, and sparingly so in di¬ 
lute hydrochloric acid, it may be precipitated from a solution 
containing calcium upon the addition of a few drops of dilute 
sulphuric acid^ provided the solution is neither too dilute nor too 
strongly acid. If the test is carried out according to the details 
given below, it will be found a very convenient one for the detec¬ 
tion of calcium. 

Dissolve 3 ivory spoonfuls of calcite in a test-tube in 3 cc. of hydro¬ 
chloric acid, divide the solution into 2 parts, dilute one with about 10 times 
its volume of water, and then add a few drops of dihde sulphuric acid to 
each. The precipitate which forms in the concentrated solution is calcium 
sulphate, and this will dissolve readily upon addition of water and warming 
(difference from strontium and barium). Ho precipitate forms in the dilute 
solution, owing to the solubility of the calcium sulphate. 
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4. Behavior toward Ammonia, —Calcium is not precipitated 
from solutions upon addition of ammoniaj except wlien caibonicj 
pkosplioric, silicic, boric, or other acids are present with which 
calcium forms insoluble compounds. This behavior is very im¬ 
portant, for often other elements which are present with calcium 
in a solution may be precipitated by means of ammonia, separated 
by filtration, and the calcium detected in the filtrate by the tests 
given beyond. 

a. Dissolve an ivory spoonful of calcite in a test-tube in 3 cc. of dilute 
hydrochloric acid, boil for a few seconds to expel CO,, dilute with about 10 
cc. of water, and add an excess of ammonia; i.e., until the solution smells of 
ammonia, or shows a blue color with litmus-paper. If the calcite should 
be impure, traces of foreign substances may be precipitated, but no calcium 
will be thrown down. Save the solution for experiments under g§ 5 and 6. 

h. Dissolve an ivory spoonful of apatite, calcium phosphate, iu a test' 
tube, in 3 cc. of hydrochloric acid, dilute with water, and add ammonia in 
excess. In this experiment, the precipitate which forms is calcium phos¬ 
phate, and this, although soluble in acids, is insoHhle in neutral or alkaline 
solutions. 

5. Precipitation as Calcium Carbonate. —Ammonium carbon¬ 
ate added to a solution made strongly alkaline with ammonia 
precipitates calcium carbonate, CaCO,. If made from a boiling 
solution, the precipitation is practically complete, and the calcium 
can be removed by filtering. 

6. Precipitation as Calcium Oxalate. —Ammonium oxalate 
added to an alkaline or even slightly acid solution j^recipitates 
calcium oxalate, CaCaO^. The test is very delicate, and the sep¬ 
aration complete, but the precipitate comes down iu a very finely 
divided condition, and is apt to run through a filter-paper. It 
may almost always, however, be readily filtered if the precipita¬ 
tion is made in a hot solution, and then allowed to stand for an 
hour before filtering. 

The following method may sometimes be found convenient for the de¬ 
tection of calcium in phosphates: Dissolve an ivory spoonful of the pow¬ 
dered mineral in a test-tube in 3 cc. of hydrochloric acid, add ammonia 
until a precipitate forms, and then hydrochloric acid, a drop at a time, 
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until tlie solution becomes clear. Dilute now with about 10 cc. of water, 
and add ammonium oxalate, when, if calcium is present, it will be precipi¬ 
tated from the slightly acid solution as oxalate. The above may be tested 
with apatite. 

7. For the detection of calcium in silicates and complex 
bodies, see p. 110, § 4. 

Carbon, C.—Tetravalent. Atomic weight, 12. 

OccuKUENGE. —Diamond and graphite are crystallized forms of 
carbon, and anthracite coal is also nearly pure carbon. Bitumi¬ 
nous coal, asphalt, paraffin, mineral oils, and many natural 
gases are different forms of 7i ?/drocarbons; i.e., combinations of 
carbon and hydrogen, for wliicli usually no definite chemical 
formulae can be given, and which cannot, therefore, be classed as 
definite mineral s\)ecies. The carbonates, salts of carbonic acid, 
H^COg, form a very important class of minerals, including such 
common ones as calcite and aragonite, CaCOg; dolomite, CaMg(C 03 ) 2 *, 
siderite, FeCOg, and many others. 

Detection. —The burning of carbon with formation of carbon 
dioxide, and the closed-tube reactions serve for the detection of 
the different forms of coal, hydrocarbons, and organic substances. 
For carbonates, eifervescence with acids is usually a sufficient 
test. 

Carbon, Anthracite and Bituminous Goals, Hydrocarbons, and 

Organic Matter, 

Closed-tube Reactions, —Hydrocarbons, bituminous coals, and 
organic matter, when heated in a closed tube, usually suffer 
destructive distillation. Tar-like substances, oils, water, and gas 
are given off, and condense in the tube, while a strong empyreumatio 
odor may usually be observed. The residue, if any is left, is gen¬ 
erally nearly pure carbon. Anthracite coal and the different forms 
of nearly pure carbon suffer no change when heated in a closed 
tube, except that perhaps a little water is driven off. 

a. To show the effect of organic matter, heat a small fragment of 
wood in a closed tube. 
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1. Partly fill a bulb tube or a large closed tube with bituminous coal, 

draw out tlie upper end, as in Fig. 44, 
then apply heat to the bulb, and set fire 
to the escaping gas. It* the residue left 
in the tube forms a hard, coherent, vesi¬ 
cular mass it Avould indicate a voicing 
coal, while if soft and pulverulent, it would indicate a non-cohing coal 
c. Partly fill a bulb tube or a large closed tube with pyrolusite, MnO,, 
carefully shove a piece of anthracite coal to a position near the pyrolusite, 
a, Pig. 45, and apply heat, first to the 
coal until it becomes red hot, then to 
the pyrolusite. As oxygen is driven 
from the pyrolusite, the coal will burn, 
and continue to glow as long as the supply of oxygen lasts or any of the 
coal remains (compare p. 100, § 1). 

Graphite is a form of carbon which burns with great difficulty, and 
cannot be tested as above, while diamond burns quite readily, provided that 
part of the glass where the diamond is located is heated intensely so as to 
istart the combustion. 

Carbonates. 

1. Effervescence with Acids .—When carbonates are dissolved 
in acids, carbon dioxide gas, CO^, is given off with effervescence. 
The carbonates are salts of a weak acid, and when treated witli a 
strong acid they are decomposed, yielding salts of the stronger, 
and setting the weaker acid free. Theoretical carbonic acid is 
H,CO,, but when liberated it splits up into H^O and CO,. There¬ 
fore, the reaction between calcium carbonate and hydrochloric 
acid may be represented as follows: CaCOs + 2HC1 = 
CaCl, + H,0 + CO,. Any strong acid (hydrochloric, nitric, or 
sulphuric) may be used to liberate carbon dioxide, by strong be¬ 
ing meant one with strong chemical affinity, not a concentrated 
acid. The reaction usually succeeds best when dilute hydro¬ 
chloric acid is used, and it may take place in the cold, although 
sometimes it is necessary to apply heat. When heat has to be 
applied, care must be taken not to mistake boiling and escaping 
bubbles of steam for carbon dioxide. Carbon dioxide is charac¬ 
terized by being a heavy, colorless, and odorless gas, which is not 
ant to be confounded with other gases. It does not support com- 
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biistion, and, when brought in contact with clear barium hydrox¬ 
ide solution, it gives a white precipitate of barium carbonate. 
CO, + BaO,H, = BaOO, + H,0. 

a. Take 2 ivory spoonfuls of powdered calcite in a test-tube, add a 
little water and an equal quantity of hydrochloric acid, when an efferves¬ 
cence will be observed, and the air will soon be displaced by the heavier 
carbon dioxide, if the tube is held vertically. A burning match, if thrust 
into the tube, will be immediately extinguished. Pour a little barium 
hydroxide solution into a second test-tube, and, holding the two tubes mouth 
to mouth, incline the one containing the carbon dioxide, so that the heavy 
gas can pour down into tlie one containing the barium hydroxide, when, on 
shaking the latter, a white precipitate of barium carbonate will appear. It 
is evident that the test with barium hydroxide, made as suggested above, 
can be used only when carbon dioxide is abundantly given off and the tube 
is filled with the gas. 

A more delicate method of testing with barium liydroxide is to make 
use of a tube like the one shown in Fig. 46. Fragments of the carbonate 
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to be tested are placed in the lower bulb, and, by means of a pipette, dilute 
acid is introduced, care being taken not to allow any of it to get into the 
upper bulb, or on the sides of the tube above the latter. The tube being 
held nearly horizontal, barium hydroxide is then introduced into the upper 
bulb, where a precipitate of barium carbonate will be formed by the escap¬ 
ing carbon dioxide. 

Effervescence may be detected in a minute particle of mineral by bring¬ 
ing the latter in contact with a drop of acid on a watch-glass or in a test- 
tube. 

A Take some dolomite, OaMg(CO,),, and treat it exactly as described 
under a, and it will be observed that only a very slight or no effervescence 
takes place in the cold, but, on warming, carbon dioxide is abundantly given 
off. In testing carbonates which are soluble only in hot acids, it is best to 
have the mineral finely pulverized. Care must always be taken not to 
mistake boiling for effervescence. 

c. The mistake is sometimes made of testing carbonates with acids which 
are too concentrated, as illustrated' by the following experiments: In dry 
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test-tubes treat fragments of witherite, BaCO„ with concentrated hydro¬ 
chloric acid, and cernssite, PbOO,, with concentrated nitric acid, and, in 
both cases, there will be only a very trifling or no effervescence, owing to 
the insolubility of barium chloride and lead nitrate in the respective acids. 
On dilution with 3 or 3 volumes of water, however, efl;ervescence will 
commence, because the salts which form on the outside of the fragments 
dissolve, and thus fresh surfaces of the carbonates are constantly exposed to 
the action of the acids. 

d. In order to show that there is sometimes danger of overlooking a 
small (quantity of a carbonate, test as follows. Dissolve fioin -g- to of an 
ivory spoonful of sodium carbonate in 5 cc. of cold water, and add a little 
hydrochloric acid, when no or only a slight effervescence will be visible, 
owing to the fact that carbon dioxide is soluble to some extent, and remains 
dissolved in the liquid. On heating, the gas makes its appearance. 

2. Decomposition hy Heating: Closed-tube Reaction—Csx- 
bonates when heated are usually decomposed, carbon dioxide 
going off and oxides of the metals being left. An exceedingly 
delicate test may be made by heating a small particle of a carbon¬ 
ate in a closed tube, and testing for the presence of carbon 
dioxide, by bringing a little barium hydroxide solution into the 
upper end of the tube by means of a capillary pipette. 

The ease with which carbonates decompose depends upon the 
character of the metals with which the carbonic acid radical is in 
combination. Carbonates of the metals with strong chemical 
affinity, such as potassium or sodium, are not decomposed at a red 
heat, while those with weak chemical affinity, like iron or zinc, 
decompose at a moderate temperature. Calcium occupies an inter¬ 
mediate position, and calcite, or limestone, CaCO,, is not decom¬ 
posed at a low red heat, but is wholly converted by intense 
ignition into CaO, as illustrated by the familiar example of burn¬ 
ing lime. CaCO, = CaO + CO,. 

Make the experiment by heating a small fragment of siderite, PeOO,, in 
a closed tube, and observe that the brown, non-inagnetic mineral is changed 
to black magnetic oxide of iron, while the carbon dioxide in the tube may 
be detected by means of barium hydroxide. 

Cerium, Ce.—^Usually trivalent, but tetravalent in ceric com¬ 
pounds. Atomic weight, 140. 
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In connection with cerium it will be well to consider a number of other 
elements, known as the Rare Earth Metals. The more important of these 
are lanthanum. La; didymium, Di; yttrium, Y; erbium, Br; and thorium, 
Th. This group, however,, has been further subdivided, so that it now 
includes gadolinium, neodymium, praseodymium, samarium, scandium, ter¬ 
bium, thulium, and ytterbium, but the reactions for these rare substances 
are so obscure and difficult that no attempt will be made to give them in 
the present work. 

Occurrence. —The rare earths are usually found associated with one 
another, and minerals containing essentially the cerium group (Ce, La, and 
Li) are cerite, allanite, monazite, fergusonite, samarskite, tysonite, parisite, 
and hastnaesite. The yttrium earths (Y and Er) are found especially in 
gadolinite, xenotime, yttrotantalite, euxenite, polycrase, and sipylite. Tho¬ 
rium is found in thorite, monazite, aeschynite, polymignite, and thoro- 
gummite. 

Detection. —The rare earths are all precipitated as hydroxides from 
acid solutions by means of ammonium or potassium hydroxides, but this 
precipitation may be often omitted when it is known that calcium is 
absent. The precipitate when filtered and washed is dissolved in hydro¬ 
chloric acid, the excess of acid removed by evaporation, the residue 
dissolved in water, and oxalic acid added, when a precipitate of oxalates 
of the earths will be thrown down, which is insoluble in oxalic acid. 
The precipitate when filtered, washed, and ignited, yields oxides of the 
earths. 

In order to detect thorium, the oxides are dissolved by boiling with a few 
cc. of dilute sulphuric acid, the solution evaporated, transferred finally to a 
crucible, and heated carefully until the excess of sulphuric acid is wholly 
driven ofp, thus converting the earths into normal sulphates. The sulphuric 
acid must be driven off in a good draft, for the fumes are very irritating, 
and in order to regulate the heat it is best to place the crucible containing 
the sulphates inside a porcelain one, thus leaving an air space between, and 
to adjust the heat so that the outer crucible is not heated above faint red¬ 
ness. The crucible should be covered toward the end of the operation, and 
the heating continued until no white fumes appear when the cover is 
raised. If the sulphates have been properly heated, they should be wholly 
soluble in cold water, and thorium may then be precipitated from the dilute 
solution by adding sodium thiosulphate, ITa^S^Oa, and boiling. The pre¬ 
cipitate, when collected on a filter-paper, washed, and ignited, yields tho¬ 
rium oxide, ThOg. Zirconium, if present, will precipitate with thorium, 
and, from solutions which are too concentrated, cerium may also be precipi¬ 
tated. To make certain, therefore, of the identity of the thorium, it will 
he best to convert the ignited material again into sulphate, and to repeat 
the precipitation with sodium thiosulphate. 
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In order to detect the remaining groups, the earths contained in the 
filtrate from the thorium are precipitated by means of oxalic acid, and 
converted into sulphates, as directed above. The sulphates are then 
dissolved in a little cold water, and about 2 volumes of a boiling, saturated 
solution of potassium sulphate are added, which precipitates Ce, La, 
and Di completely, as double potassium sulphates, Ce^{SO^)^ + 3K,SO„ 
while Y and Er remain in solution. After standing a few hours in the 
cold, the precipitate may be filtered, and washed with a cold saturated 
solution of potassium sulphate. Erom the filtrate, Y and Er may be 
then precipitated by means of ammonium oxalate, while the precipitate 
containing Oe, La, and Di, may be dissolved in hot hydrochloric acid, 
and the earths precipitated by addition of ammonium oxalate and am¬ 
monia. The detection of the separate elements in tlie two groups is a 
difficult matter, and is usually not very important. Ce, La, and Di almost 
invariably occur together, while Y and Er are usually associated with one 
another. 

In the cerium group, pure ignited oxide of cerium, CeO^, is nearly 
white, as are also the oxides of lanthanum, La^Oj,, and didymiiim, Di^Og, 
but a mixture of cerium oxide with the latter always has a brown 
color. If the solution of the ignited oxides in sulphuric acid is yellow, 
it indicates cerium, and is due to ceric sulphate, Ce(SOJa. After ignit¬ 
ing the sulphates, however, cerous sulphate, Gg^{S)0^)^, is formed, which 
gives a colorless solution. If the oxides are dissolved in a borax bead 
in the oxidizing flame a brownish-red or yellow bead, fading to yellow 
on cooling, indicates cerium. In the reducing flame, the bead becomes 
colorless or nearly so. With phosphorus salt, the colors for cerium in the 
oxidizing flame are yellow when hot, fading to colorless when cold, and 
in the reducing flame, colorless both when hot and cold. When cerium 
does not interfere, didyminm may he detected by means of the borax 
or salt of phosphorus beads, for when a considerable quantity is dis¬ 
solved it imparts to them a pale rose color in both the oxidizing and 
reducing flames. Didymium also imparts to solutions a pale rose color, 
which may be seen when they are concentrated. If a solution is held 
before the slit of a spectroscope directed toward a strong light, or if the 
oxalate precipitate is held in a strong light and examined with a spectro¬ 
scope, dark bands may be seen interrupting the continuous spectrum, 
which are known as abmjption bmids, and indicate the presence of the 
didymium group among the elements precipitated by potassium sulphate. 
A prominent band is located in the yellow, and another about the middle 
of the green. 

Yttrium gives no absorption spectrum, but erbium and the rare earths 
related to it give a series of strong absorption bands. 
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Chlorine, 01.—Univalent. Atomic weight, 35.5. 

OccuEEENCE.—Chlorine is the characteristic non-metallic ele¬ 
ment of hydrochloric acid, HCl, and the chlorides. With the 
exception of silver, lead, and mercurous chlorides, the simple 
chlorides of the metals are soluble in water, and their occurrence, 
therefore, as m inerals is rather restricted, since they cannot occur 
where water is abundant. Of the soluble chlorides, halite, NaCl; 
sylvite, KOI; and carnalite, KMgCl,.6H,0; and of the insoluble 
ones, cerargyrite, AgCl, are the most imiiortant minerals. A 
number of combinations of chlorides with oxides or hydroxides 
of the metals, called oxncMoHdes, are known, and chlorine is fre¬ 
quently found in combination Avith other acids, especially silicic 
and phosphoric, and is then often isomorphous with fluorine 
and hydroxyl. Examples are atacamite, CiqClCOH), or CuOl, 
+ 3Cu(OHX; sodalite, Na,(AlCl)Al,(SiO,) 3 ; and pyromorphite, 
Pb,(PbCl)(P0,),. 

Detection. —The most satisfactory te.sts for chlorine are pre¬ 
cipitation as silver chloride, or the formation of chlorine gas. 

1. Precipitation as Siluer GJdoride .—Silver chloride, AgCl, is 
very insoluble in water and dilute nitric acid. A very delicate 
test may therefore be made by dissolving a chloride in water or 
dilute nitric acid, and precipitating silver chloride by adding a 
few drops of a solution of silver nitrate. Bromine and iodine 
give similar reactions. If much chlorine is present, a AAdiite, 
curdy precipitate forms, or*, if a trace is present, there is at first 
only a bluish-white opalescence. On exposure to light, the pre¬ 
cipitate soon acquires a violet color. 

In order to apply this test to minerals which are insoluble in 
acids, first fuse with sodium carbonate, as directed under silicates 
(p. 110, § 4), soak out the fusion with water and dilute nitric acid, 
filter if necessary, and then add silver nitrate. 

To illustrate this test, dissolve ^ ivory spoonful of halite (common salt) 
in a few cc. of water, and then add a few drops of nitric acid and of silver 
nitrate. NaCI-j-AgNO, = AgOI-f NaHO.. Test the solubility of the 
precipitate in an excess of ammonia. 
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3. Ecolution of CMorine.—E very satisfactory test in the dry 
way may be made by mixing the powdered chloride with about 
4 times its volume of potassium bisulphate and a little pow¬ 
dered pyrolusite, MnO,, and heating the mixture either in a bulb 
tube or a small test-tube, when chlorine gas will be given off, and 
may be recognized by its pungent odor or its bleaching action on 
a strip of moistened litmus-paper held inside the tube (compare 

p. 101, § 2). 

Insoluble compounds, such as silver chloride or a silicate, 
should first be fused with sodium carbonate, the fusion pul¬ 
verized, and then treated as above. 

3. Flame Test .—Chloride of copper is volatile before the blow¬ 
pipe, giving an azure-blue and sometimes a green coloration to 
the flame (compare Copper, p. 72, § 1). To use this behavior for 
the detection of chlorine, Berzelius recommended the following 
treatment: To a small salt of phosi)horus bead add copper oxide 
until the bead is dark and opaque, then touch it while hot to the 
substance to be tested, and heat before the blowpipe in an oxidiz¬ 
ing flame, when chloride of copper will volatilize and impart a 
blue color to the flame. The test answers very well for most 
chlorides, but is not sufficiently delicate for the detection of small 
quantities of chlorine in minerals. Bromine gives a similar reac¬ 
tion. 

4. To distinguish silver chloride, silver bromide, and silver 
iodide from one another, the following method will be found very 
convenient: Heat a fragment of the mineral and a little pure, pul¬ 
verized galena together in a closed tube, and observe the color of 
the sublimate formed. Silver chloride yields lead chloride, and 
this fuses on the hot glass to colorless globules which become 
white when cold. Silver bromide yields lead bromide, which is 
sulphur-yeUow when hot and white when cold. Silver iodide 
yields lead iodide, which is dark orange-red when hot and lemon- 
yellow when cold. If iodine is detected by the foregoing test, 
bromine and chlorine may also be present, and, if iodine is absent, 
the reaction for bromine will obscure that of chlorine. 
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5. The detection of chlorine in the presence of bromine and iodine is 
not a simple matter. If combined with silver, place the material in a test- 
tube with some granulated zinc, add dilute sulphuric acid, allow the reduc¬ 
tion to proceed for some minutes, and then filter or decant the solution of 
zinc salts from the insoluble silver. Take a few drops of the solution in a 
test-tube, add some starch paste (a little starch boiled up with considerable 
water), and then a little, red, fuming nitric acid, when, if iodine is present, 
it will impart a deep blue color to the starch. To the blue solution add 
chlorine water drop by drop, which at first sets iodine free, but, when added 
in excess, combines with it to form a colorless compound. Continue, there¬ 
fore, to add the chlorine water until the color of iodine disappears, when, if 
bromine is absent, the solution will be colorless, but, if present, it will be 
yellowish-red, owing to liberated bromine. This color shows more dis¬ 
tinctly when the liquid is agitated with carbon disulphide, which dissolves 
the bromine. 

Tor the detection of chlorine, provided bromine and iodine are present, 
take another portion of the solution, add silver nitrate and a little nitric 
acid, and then filter ofi and wash the precipitate, which may contain AgCl, 
AgBr, and Agl. Transfer this to a beaker, treat with ammonia to dissolve 
AgCl and AgBr, filter from the insoluble Agl, then precipitate the silver 
salts from the filtrate by addition of nitric acid, and collect them on a 
filter. Mix the moist precipitate on charcoal with a little more than its 
volume of sodium carbonate, fuse before the blowpipe, cut away the fusion, 
treat it with hot water, filter the soluble sodium chlo¬ 
ride and bromide from the silver, and evaporate the 
filtrate to dryness in a dish or casserole. Grind the 
dried residue with an equal volume of potassium di¬ 
chromate, transfer to a tubulated test-tube. Tig. 47, 
add a little concentrated sulphuric acid, close with a 
stopper, and warm, when, if chlorine is present, it 
forms with the chromium a red gas, CrOl^Og, which 
condenses to a liquid of the same color, while bromine 
forms red vapors of bromine. If some of the red 
vapors are distilled over into a second test-tube, and 
are then treated with a little ammonia, the bromine will be converted 
wholly into colorless compounds, while the CrOlgOg will yield ammonium 
chromate, which is yellow. The yellow color of ammonium chromate in 
the second test-tube is, therefore, a proof that chlorine was present. 

Chromium, Cr.—Trivalent and sexivalent. Atomic weight, 52.5. 

OcouRREisrcE.—Chromium is not a very abundant element, and 
the mineral from which nearly all its commercial compounds are 
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made is cliromite, FeCrO. = FeO.Cr,0,. The element is found, in 
small (juantities, in some varieties of spinel, garnet, muscovite, 
beryl, olinochlore, and other minerals where Cr,Oj is isomorphous 
with AljOj or Fe,0,. Of the chromates, crocoite, PbCrO„ is the 
commonest. 

Detection.— The colors which chromium imparts to the fluxes 
usually serve for its detection. 

1. Test with a Borax Bead—It a very little oxide of chromium 
is dissolved before the blowpipe in a borax bead in the oxidizing 
flame, the bead will be decided yellow when hot, changing to yel¬ 
lowish-green when cold. With more of the oxide, the colors are 
deeper, red when hot, changing through yellow to a fine yellowish- 
green when cold. After heating in the reducing flame, as soon as 
the bead cools below a red heat, it assumes a fine green color, and 
shows none of the yellow which is so prominent after heating in 
the oxidizing flame. It is probable that the color produced in the 
oxidizing flame depends upon the presence of CrO,, the anhydride 
of chromic acid, salts of which are yellow or red; while in the 
reducing flame the basic oxide Cr^Oj is formed, which usually 
imparts an intense green color to solutions. 

2. Test with Salt of Phosp7iorus .—The colors which are ob¬ 
tained in the oxidizing flame with this flux are dirty green when hot, 
changing to fine green when cold. After reduction, the colors are 
about the same as in the oxidizing flame, but not so decided. 

Chromium must not be confounded with vanadium, which gives 
in the reducing flame almost identical reactions with the fluxes, 
but in the oxidizing flame diSers in yielding a yellow bead with 
salt of phosphorus, which flux never acquires other than a green 
color with chromium. 

^ 3. Special Tests for Small Quantities of Chromium when Associated 
with other Suhstanees which Color the Fluxes .—If the mineral is a silicate, 
fuse it in a platinum spoon with about 4 volumes of sodium carbonate and 
2 of potassium nitrate, by which means an alkali chromate, soluble in 
water, will be formed. Soak out the fusion in a test-tube with about 5 cc. 
of water, filter, and, if chromium is present, the filtrate will have a yellow 
color. Make the filtrate slightly acid with acetic acid, filter again if neces- 
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sary, and add a little lead acetate, when a yellow precipitate of lead chro¬ 
mate will form, which may be collected on a filter, washed with water, and 
tested with the fluxes (compare Yanadium, p. 130, § 2). If the precipitate 
is very small, it will be best to burn the paper in a porcelain crucible and 
test the residue. 

If the mineral is an oxide difficult to decompose, as some kinds of spinel 
or chromite, dissolve as much as possible of the very finely powdered mineral 
before the blowpipe in a borax bead, remove the latter from the wire, crush 
it in a diamond mortar, then mix with 2 or 3 volumes of sodium carbonate 
and 1 of potassium nitrate, fuse in a platinum spoon, and proceed exactly as 
described in the previous paragraph. 

Cobalt, Co.—Bivalent. Atomic weiglit, 59. 

OccuKRENCE.— Cobalt is a comparatively rare element, found 
usually in combination witli sulpliiir or arsenic, and generally 
associated with nickel and iron, with which it is isomorphous. A 
few of its more important compounds are linnaeitejCOgS,; smaltite, 
CoASa; cobaltite, CoSAs; and erythrite, Co3(AsOj2.8H20. 

Detection.— The blue color which cobalt oxide imparts to the 
fluxes serves as a very simple and delicate means for its detection. 

1. Test lolth the Fluxes ,—Oxide of cobalt is soluble before the 
blowpipe both in the borax and salt of phosphorus beads, 
imparting to them a fine blue color, which remains the same in both 
the oxidizing and reducing flames. The test is so delicate that 
cobalt can be detected in the presence of a considerable quantity 
of iron and nickel. 

When copper or nickel interferes with the test for cobalt, 
remove the bead from the wire, and fuse it on charcoal with a 
grannie of tin in a strong reducing flame, until the copper and 
nickel are reduced to the metallic state, when the flux will show 
the blue color of cobalt. 

See also the special method for treating minerals containing 
cobalt, nickel, iron, and copper (p. 97, § 4). 

Columbium, Cb.—See Niobium. 

Copper, Cu.—Bivalent in cupric and univalent in cuprous com¬ 
pounds. Atomic weight, 63.4. 

OccTJBRENCE.^—Copper is widely distributed in nature and is 
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found in a great many minerals. A few of its most important 
compounds are clialcopyrite, CuFeS^ 5 clialcocite, Cu^S; boriiite, 
Cu^FeS,; tetrahedrite, essentially CueSb.S,; malacliite, (Cu 0 H),C 03 ; 
and cuprite, Cu,0. Copper also occurs in tlie native state abun¬ 
dantly in a few localities. 

DETEOTiOK.—Tlie flame coloration, the formation of globules 
of metallic copper, and the colors imparted to fluxes and to solu¬ 
tions make the detection of copper a very easy matter. 

1 . Flame Tests ,—If finely divided oxide of copper is intro¬ 
duced into a colorless flame, it imparts to it an emerald-green color, 
which may sometimes be observed on heating minerals before the 
blowpipe, but often no color is obtained because no volatile com¬ 
pound of copper is present. If the assay is moistened with hydro¬ 
chloric acid, however, copper chloride, which is volatile, will be 
formed, and this gives a strong azure-blue color to the flame, tinged 
usually on the .outer edges with emerald-green, due to the decom¬ 
position of the chloride and formation of copper oxide. The flame 
test for copper after moistening with hydrochloric acid is very 
delicate, but if the mineral is a sulphide, it should be fused in the 
oxidizing flame or roasted before applying the acid. 

a. Take a piece of chalcopyrite in the platinum forceps, heat it before 
the blowpipe in the oxidizing flame, then touch it to a drop of h 3 flrochloric 
acid, and heat again. The copper chloride soon volatilizes, but the flame 
may be repeatedly obtained by renewed applications of acid. 

The test may also be made on platinum wire, according to directions 
given on p. 35. 

b. Roast a little powdered chalcopyrite on charcoal, as directed on p. 39, 
then moisten the product with a drop of hydrochloric acid, and heat before 
the blowpipe in the reducing flame. In this experiment, the azure-blue 
flame of copper chloride is obtained in great perfection, and the surface of 
the charcoal near the assay will show the copper reaction if touched with 
the reducing flame. A beautiful emerald-green flame is obtained if the 
assay is moistened with hydriodic instead of hydrochloric acid, and heated 
before the blowpipe, 

c. In order to show the green flame color given by oxide of copper, 
take a little malachite or cuprite in a diamond mortar, and pulverize it by 
striking with a hammer in close proximity to a Bunsen-burner flame, so that 
the fine dust from the mortar will pass into the flame. 
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2 . Reduction on Charcoal to Metallic Copper,-~FTom copper 
oxides and minerals containing oxide of copper, the metal may¬ 
be readily reduced and obtained as fused globules by heating' 
intensely in a reducing flame, with a flux, on charcoal. Copper 
globules are bright when covered with the reducing flame, but 
acquire a coating of black oxide on exposure to the air. They are 
malleable, can be flattened by hammering on an anvil, and show the 
red color characteristic of copper. The best flux to use is a mix¬ 
ture of equal parts of sodium carbonate and borax : This serves to 
keei.) iron and other difficultly reducible metals in solution, as in a 
slag, while copper may easily be reduced and fused to a globule. 
Minerals containing sulphur, arsenic, or antimony should first be 
carefully roasted, according to directions given on p. 89, then 
mixed with the appropriate flux, and reduced. It is evident that, 
when other readily reducible metals are present, a globule will be 
obtained which is not pure copper. 

As beginners, usually have some difficulty in fusing copper 
before the blowpipe on charcoal, it is best to use only a small quan¬ 
tity of the mineral and flux. About i to i ivory spoonful of the 
mineral and two or three times as much flux will be found to be a 
suitable quantity. 

Obtain globules of copper from malachite, using a mixture of sodium 
carbonate and borax as a flux, and from chalcopyrite, which must first be 
roasted and afterwards fluxed with a mixture of sodium carbonate and borax. 

3. Reactions with the Fluxes .—Copper oxide dissolves readily 
both in the borax and salt of phosphorus beads on platinum wire. 
In the oxidizing flame, the colors are green when hot, but change to 
blue when cold. The color is due to the presence of cupric oxide, 
CuO, and the test is very delicate. In the reducing flame, the 
colors are paler, almost colorless, with little copper; while if much 
is present, there is a separation of cuprous oxide, Cu^O, when the 
fluxes solidify, which renders the beads opaque and red by reflected 
light. A still better way to show this reduction is to remove the 
bead from the wire, and, placing it on charcoal with a small grain 
of tin, to fuse the two together in a reducing flame. The bead 
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will then be clear and nearly colorless when hot, but opaque and 
red on solidifying. The action of the tin is to take oxygen from 
the cupric oxide, changing it to cuprous oxide. The reaction suc¬ 
ceeds best with the salt of phosphorus bead, and the heating on 
charcoal in either case must not be too hot nor continued too long a 
time, as the copper may thus be reduced to the metallic state. 

4. Color of Solutions : Test with Ammonia.—11 a mineral con¬ 
taining copper is dissolved in an acid (usually nitric or hydrochloric 
is best), the solution will be colored blue or green. On dilution 
with water and addition of ammonia in excess, the color becomes 
deep blue, owing to the formation of a comjdex cuproammoniiim 
salt. The test is a very good one for coj)i)er, but the color must 
not be confounded with the similar but much fainter blue given 
by solutions containing nickel when similarly treated. 

a. To make this test, dissolve ivory spoonful of malaclnto in a test- 
tube, in 3 cc. of hydrochloric acid, dilute with 10 cc. of water, and add 
excess of ammonia. 

h. Dissolve i ivory spoonful of powdered chalcopyrite in a test-tube, in 
3 cc. of nitric acid, boil until red fumes cease to appear, dilute with 10 cc. 
of water, and add ammonia in excess. In this experiment, the formation of 
a precipitate of ferric hydroxide (p. 87, § 5) may at first prevent the blue 
color from being seen, but by allowing the precipitate to settle, or better by 
filtering it off, the color shows distinctly. 

5. Cuprous Compounds .—Besides the sulphides and the closely 
related arsenides, tellurides, and selenides, there are very few min¬ 
erals which are cuprous compounds, cuprite, Cu^O, being the only 
common one. 

A quantitative analysis is the only means available for proving 
that, in combinations with sulphur, copper exists in the cuprous 
condition. If it is demonstrated, for example, that the atomic 
ratio of copper to sulphur is 2 :1 (see p. 6), the compound must 
be Cu^S, or cuprous sulphide. 

To illustrate the reactions of cuprous oxide, dissolve an ivory spoon¬ 
ful of powdered cuprite in 3 cc. of hot hydrochloric acid. Observe that the 
solution is nearly colorless or brown, and not blue, as with cupric com¬ 
pounds. Cool the liquid, and then add a large excess of cold water, when 
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a white precipitate of cuprous chloride, CuCl, will be thrown down, which is 
only sparingly soluble in water and dilute acids. The precipitate is soluble 
in excess of ammonia, and, if oxidation has been avoided, the intense blue 
color characteristic of cupric compounds (§ 4) will not be obtained, although 
some of the copper may have become changed to the cupric condition, 
owing to the oxidizing action of the air. 

Didymium, Di.—Trivalent. Atomic weight, 142. 

Erbium, Er.—Trivalent. Atomic weight, 166. 

The reactions of these rare earth-metals are given under Cerium. 

Fluorine, F.—Univalent. Atomic weight, 19. 

Occurrence.— Fluorine is the characteristic non-metallic ele¬ 
ment of hydrofluoric acid, HF, and the fluorides. The number 
of fluorides that have been identified as minerals is not very 
large, fluorite, CaF^; and cryolite, NajAlFe, being the most 
important. Fluorine is found frequently as a constituent of 
silicates and phosphates, as in topaz, (AlP) 2 SiO, ; chondrodite, 
Mg 3 [Mg(F.OH)] 2 (SiO,) 2 ; apatite, Ca,(CaP)(PO,)g; and amblygonite, 
Li{AlF)P 04 , and, in such compounds, hydroxyl and occasionally 
chlorine are isomorphous with, and partially replace, the fluorine. 

Detection. —The etching of glass and the formation of volatile 
compounds with silicon furnish the best methods for the detection 
of fluorine. 

1 . Etching of Glass.—This test is applicable only to com¬ 
pounds.^ other than silicates.^ lohich are decomposed by sulphuric 
acid. If without a platinum crucible, prepare some small paste¬ 
board trays or box-covers by placing them in melted parafiin and 
allowing them to remain until the paper is thoroughly permeated; 
then, leaving several drops of paraffin in the bottom of each, place 
them to one side on a sheet of paper to cool. At the same time 
some pieces of window glass, larger than the tops of the boxes, 
may be coated with paraffin by dipping them in the melted 
material and allowing them to cool. To make a test for fluorine, 
in a platinum crucible or one of the prepared trays put an ivory 
spoonful of the finely powdered mineral and 3 or 4 drops of concen¬ 
trated sulphuric acid, mix the two together and cover with one of 
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the prepared glass plates on the imder side of which lines have 
been traced through the paraffin with some pointed instrument. 
The action of sulphuric acid on the fluoride liberates hydrofluoric 
acid, HF, which attacks the silica, SiO,, of the glass wherever it 
is not protected by the paraffin 5 thus, 4HP -j* SiO^ = Sil ^-f- 2 H 3 O. 
For a successful experiment the etching should be allowed to pro¬ 
ceed for at least one half hour, or longer if the amount of fluorine 
is small. The presence of fluorine is revealed by a distinct etch¬ 
ing of the glass, seen best after warming the plate and cleaning off 
the paraffin with a bit of paper or cloth. 

Make the experiment with fluorite, CaF^, when the decomposition with 
sulphuric acid may be expressed as follows: OaF, + H,SO, = CaSO^+ 2nF. 

2, Test with PotassiuTri Bisulphate, —This test is applicable 
only to compounds which are decomposed by fusion with the 
reagent. Mix some finely powdered fluoride with an equal volume 
of powdered glass and 2 or 3 volumes of potassium bisulphate, 
then put not over i ivory spoonful of this mixture in a closed tube 
of 6 mm. internal diameter and heat gently. The hydrofluoric acid 
liberated by the reaction attacks the glass, 4HF + SiO^ = SiF, + 
2 H, 0 , and at the place where the water condenses a second decom¬ 
position occurs, as follows: 3SiF, + 2ILfi = 2 H 5 SiF 6 (liydrofluo- 
silicic acid) + SiO,. The separated silica, SiO,, forms a white ring 
in the tube, which is volatile as long as hydrofluosilicic acid is 
present, but on breaking the tube just above the fusion and wash¬ 
ing away the hydrofluosilicic acid from the upper portion with 
water, and then drying, the silica will no longer be volatile. The 
etching of the tube is not a conspicuous feature of this test, but 
the ring of silica is very characteristic, especially its behavior 
before and after washing with water. 

3. Test with Sodium Metaphosphate, —This test will often be 
found convenient, since it can ie applied to minerals which are not 
decomposed by sulphuric acid. If the finely powdered mineral is 
mixed with from 4 to 6 parts of sodium metaphosphate, transferred 
to a bulb tube (which should not be more than one quarter full) 
and heated very hot, hydrofluoric acid will be given off, which 
etches the glass, and deposits a ring of silica exactly as described 
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in § 2. The test is excellent tor silicates when the proportion of 
fluorine is not too small (less than 5 per cent), but when very small 
quantities are to be detected the method given in § 4 is preferable. 

Sodium metaphosphate may be prepared by heating phosphorus salt in 
a platinum dish until ammonia and water are expelled, or a sufficient 
quantity for an experiment may be quickly made by fusing beads of phos¬ 
phorus salt on platinum wire, and crushing them in a diamond mortar. To 
make the experiment, test for fluorine in topaz. The reaction with topaz 
cannot be expressed by a definite equation, but in order to illustrate the 
chemical principle involved, the simpler case of calcium fluoride, GaF^, may 
be chosen. CaF^ + NaPOg + H^O = CaNaPO^ + 2HF. It is evident that 
water or hydroxyl must be present in order to form HF, and this may come 
either from hydroxyl in the mineral or from a trace of water that was not 
wholly driven out from the sodium metaphosphate. 

4. Precipitatlo7i as Calcium Fluoride. —This test is especially 
applicable for detecting small quantities of fluorine in silicates. 
The mineral is first fused with sodium carbonate, exactly as 
described under silicates (p. 110, § 4). The fusion is then 
pulverized, treated in a test-tube with 5 cc. of boiling water, filtered 
and washed, by which means sodium fluoride is obtained in solu¬ 
tion. The filtrate is acidified with hydrochloric acid, boiled for a 
short time to expel carbon dioxide, a little calcium chloride added 
(some calcite dissolved in hydrochloric acid will answer), and then 
ammonia in excess. The precipitate will contain calcium fluoride, 
but a precipitate is not a proof that fluorine is present, for other 
compounds may be thrown down at this point. The precipitate must 
be collected on a filter-pap)er, washed well with water, and ignited in 
a crucible until the paper is completely destroyed, when the resi¬ 
due is tested according to § 2. It is not safe to test according to 
§1, for sometimes considerable silica is precipitated with the 
calcium fluoride, and in that case the hydrofluoric acid will derive 
silica from the precipitate instead of etching the glass. 

5. Acid Water in a Closed Tube.— minerals containing 
fluorine and hydroxyl yield acid water in the closed tube, which 
reddens blue litmus-paper, and when the reaction is strong the 
glass is distinctly etched. Unless the glass is etched, however. 
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a proof of the presence of fluorine must be obtained by testing 
according to some of the foregoing methods. In cases where 
fluorine is isomorphous with hydroxyl, hydrofluoric acid will 
sometimes be given off instead of water. The acid then etches 
the glass, forms a deposit of silica, and gives a strong pungent 
smell at the end of the tube. From Brazilian topaz, for example, 
which on analysis yields 2.5 per cent of water, the hydrogen is 
mostly expelled as hydrofluoric acid, and there is scarcely any 
indication of water, but, if freshly ignited lime or magnesia is 
mixed with the mineral in the closed tube, the fluorine will be 
retained and water driven off. 

Gallium, Ga.—Trivalent. Atomic weight, 69.8. 

OcoTJBREXCE,—This exceedingly rare metal has been found in traces in 
sphalerite from a few localities. It is best detected by means of the spark 
spectrum. 

Germanium, Ge.—Tetravalent. Atomic weight, 72.3. 

OccxJEREXCE.—This very rare element has been found in argyrodite, 
AggGeSe; canfieldite, Age(SnGe)Sg, in which tin and germanium are 
isomorphous, and in small quantity in the rare mineral enxenite. 

Detegtiox. —When argyrodite is heated before the blowpipe on char¬ 
coal, germanium volatilizes, and gives at fii’st a pure white coating of oxide 
near the assay, which on prolonged heating moves farther out and assumes 
a greenish to brownish hut mainly lemon-yellow color. When examined 
with a lens, the coating presents a glazed or enamel-like surface, while 
scattered about on the charcoal near the assay, fused, transparent to milk- 
white globules of germanium oxide may be detected. 

In the closed tube, heated intensely before the blowpipe, a slight 
sublimate of germanium oxide forms, pale yellow when hot, becoming 
lighter on cooling, which with a lens may be seen to consist of numerous 
colorless to pale yellow globules. 

Germanium gives no reaction in the open tube. It also imparts no 
characteristic color to the flame, to the fluxes, or to its solution in acids. 

Gludnum, G.—See Beryllium. 

Gold, An.—^Univalent and trivalent. Atomic weiglit, 197.3. 

^OccuEEEXCE.—Gold occiirs usually in the free state, that is, as naiivB 
gold) which always contains some silver and sometimes traces of copper and 
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iron. ISTative gold from California generally contains about 88 per cent of 
the pure metal. Gold is found disseminated in small quantity in the rocks 
of some regions, especially the crystalline schists. It is often concentrated 
in veins, where it is usually associated with quartz and pyrite, and it 
collects in the sands and gravels which have resulted from the disintegra¬ 
tion of rocks and mountain masses that have contained gold. Owing to its 
weak chemical affinity it does not form very stable compounds, and the 
only element vn’th which it is found in chemical combination in nature is 
tellurium, Petzite, sylvanite, krennerite, and calaverite are tellurides of 
gold and silver, and nagyagite is a telluride and sulphide of lead and gold. 

Detection. —The color, fusibility, malleability, high specific gravity, 
and insolubility in any one acid are characters which serve for the ready 
detection of native gold. 

As gold is worth $20.67 a troy ounce, only a small percentage of the 
metal is needed to make an ore very valuable. One per cent would be 
equal to 291.66 troy ounces a ton, worth $6028. An ore containing pj-g- per 
cent of gold would be a rich one, and under favorable conditions, by 
hydraulic mining, gravels are washed which do not carry over ten cents 
worth of gold a ton, or less than of one per cent of the pure metal. 

Washing and Collecting in Mercury ,—When gold is present in very 
small quantity, even less than joVt per cent, it may be usually 

detected with great ease by washing or panning. This process consists in 
washing away with water the lighter rock constituents (for the most part 
less than 3 in specific gravity) from the gold, which varies from 15 to 19.3 
in specific gravity, according to the proportion of silver it contains. In 
order to make the test, select a sample of the ore weighing at least a 
pound, pulverize it, and sift the material through a fine sieve. At the end 
of the operation, care must be taken to look for particles of gold on the 
sieve, foi’, being malleable, the particles are not pulverized. The powder, 
and the metal left on the sieve, if there is any, are put in a metal pan, ^ cc. 
of mercury is added, and the pan is immersed in water and agitated for 
some time with a rocking and twisting motion, by which means the heavy 
gold goes rapidly to the bottom, while the lighter constituents arrange 
themselves above according to differences in specific gravity. From time 
to time the pan is inclined, and by a little motion a ripple of water is made 
to pass over the contents of the pan, and carry off some of the lighter, 
material from the top. By continuing this process, the material is finally 
concentrated so that the gold is contained in a very small volume, and is 
taken up by the mercury at the bottom of the pan. To get rid of the last 
of the rock material, the contents of the pan are transferred to a mortar, 
and ground in a sti earn of water, by which treatment the fine particles are 
rapidly carried away, and finally only the mercury, with which the gol^ 
has amalgamated, is left. In order to obtain the gold, the mercury contain¬ 
ing it is dried with blotting-paper, transferred to a shallow cavity on char- 
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coal, and volatilized by heating with a small blowpipe flame. The residual 
gold may he fused to a globule, using a little boiax oi sodium carbonate 
when necessary. In order that no ill effects may result from the poisonous 



Fig 48. 


mercury vapors, a piece of wet blotting-paper should be placed on the char¬ 
coal, care being taken not to wet the cavity, and another piece arched over 
it (Fig. 48), thus furnishing a large cooling surface upon which the mer¬ 
cury will condense. 

When tellurides are to be tested, the powdered ore should be roasted and 
then washed as directed above. The roasting may be accomplished by 
putting the ore in an iron pan (a piece of sheet iron with the edges turned 
up) and heating it to faint redness in a stove for some time. It is w^'ll to 
stir the powder occasionally with an iron wire. 

Grold may be washed or panned without the use of mercury. After 
washing away the lighter material the particles of gold may often he seen 
on the bottom of the pan as a color The metallic particles may be 
collected in mercury and treated as directed in the foregoing paragraph, 
or the concentrated material may be fused with test lead and borax, and 
treated as directed under the silver assay,fp. 114, § 2). 

The gold globules obtained by the foregoing processes will always 
contain some silver. In order to obtain the pure gold, the metal should be 
fused with about 3 times its weight of pure silver, and then treated in a 
porcelain dish or capsule with a little warm nitric acid, which dissolves the 
silver and leaves the gold as a brownish-black powder or dark coherent 
mass. This process of separating gold from silver is called parting. The 
finely divided gold may be washed and finally collected and fused into a 
globule on charcoal. 

In exceptional cases, platinum or some of the metals of the platinum 
group may be found with the gold. 

Helium, He.™Atomic weight, 4?. 

OoouREEisrcE.—This element has been recently discowered, and 
it seems to be present only in minerals containing uranium, tho* 
rium, and yttrium. It is given off as a gas when minerals con¬ 
taining it are heated or are dissolved in sulphuric acid. It is 
detected by means of the spark spectrum. 
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Hydrogen, H.—Univalent. Atomic weight, 1. 

OccuEKENCE.—Hydrogen is found abundantly in nature in 
combination with oxygen as water, and in combination with, 
carbon in hydrocarbons (p. 61). There are many minerals which 
crystallize with a defiirite quantity of water, known as water of 
crystallization. This water constitutes a part of the chemical 
molecule, and is always expressed in the formula. Thus, gypsum 
is OaSO,.211,0, and it contains 21 per cent of H,0; natron is 
NajCOj.lOHjO, and it contains 63 ijer cent of H,0. Such min¬ 
erals are called hydrous, while those containing no water are 
anhydrous. It is characteristic of water of crystallization that 
it is expelled from a mineral by very gentle ignition, always at a 
temperature far below a red heat and frequently below' 100° C. 
A g m'u, there are minerals containing the univalent radical hy 
droxyl, OH, which are knowm as hydroxides. For example 
brucite is magnesium hydroxide, Mg(OH), or MgO,H,, and limon- 
ite is a ferric hydroxide, Fe. 03 ( 0 H),. Hydroxides Avhen heated 
yield water. Thus, brucite, Mg(OH), = MgO -j- H,0, and limon- 
ite, Fe,0,(0H), = 2 Fe ,03 + 3H,0, but it is characteristic for hy¬ 
droxides that they must be strongly heated, sometimes to a white 
heat, before they are decomposed and water is given off. They 
thus differ from compounds containing water of crystallization. 

Water of Crystallization and Hydroxyl. 

Hetectiow. —Water is readily detected by means of the closed- 
tube reaction. 

1. Closed-tube Reaction. —Minerals containing either water 
of crystallization or hydroxyl, when heated in the closed tube, 
yield water, which collects on the cold walls of the tube. The test 
is very delicate, and usually pure distilled water is obtained 
which is neutral to test-papers. 

a. To illustrate this reaction, heat gypsum or brucite in a closed tube, 
using fragments about 2 to 4 mm. in diameter, and also make one experi¬ 
ment with a minute fragment, in order to show the small quantity of 
water which may be detected by this means. 
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h. To illustrate tlie difference between water of crystallization and 
hydroxyl, take two closed tubes of equal size, place some gypsum in one 
and brucite in the other, and then, holding the tubes side by side, pass 
them back and forth through a small flame so as to heat the ends slowly 
and equally. In the tube containing gypsum, water is driven off when the 
temperature is scarcely above 100 ° C., while brucite does not yield water 
until the temperature is much higher. 

2. Acid Water in the Closed Tube ,—Hydrous compounds of 
the weak basic elements, such as iron, aluminium, copper, and 
zinc, with volatile acids, are decomposed on strong ignition, yields 
ing acid water (compare the tests for Fluorine, p. 77, § 6, and for 
a sulphate, p. 123, § 3). 

An excellent closed-tube experiment may be made with copperas, FeSO^. 
7 H 3 O, which it is well to compare with that of gypsum. By heating very 
gently, only neutral water is driven off at first, but on stronger ignition the 
FeSO^ is decomposed into FeO and SO 3 . A secondary reaction also sets in, 
giving SOg, which may he detected by its odor. 2 FeO H- SO 3 = Fe^Og + SO^. 
Both SOg and SO,, the anhydrides of sulphuric and sulphurous acids, 
render the water in the tube strongly acid. The strong basic elements, 
such as sodium, potassium, calcium, strontium, and barium, form stable 
sulphates) that is, sulphates which are not decomposed except by intense 
ignition, and which do not part with their acid constituents in a closed 
tube. 

3. Alkaline Water in the Closed Tube ,—Minerals which yield 
alkaline water are of rare occurrence, but it is sometimes obtained 
from those containing ammonia. 

Indium, In.—Trivalent. Atomic weight, 113.3. 

Occurrence. —This exceedingly rare metal has been found in small 
quantity in sphalerite from a few localities. Its presence is revealed by the 
blue color it imparts to non-luminous flames, and these when examined 
with the spectroscope show an intense indigo-blue and a less intense 
violet line. 

Iodine, I.—Univalent. Atomic weight, 127. 

Occurrence. —Iodine is rarely met with, and the only known minerals 
containing it are iodyrite, Agl; marshite, Oul; and lautarite, Ch(L6^)^. 

Detection. —The reactions of iodine are similar to those of chlorine 
and bromine (see p. 67). Silver nitrate precipitates silver iodide, Agl, 
which differs from silver chloride and silver bromide in being almost inspl- 



tfron 


REACTIONS OF THE ELEMENTS. 


83 


uble in ammonia. With potassium bisulphate in a bulb tube, either with 
or without pyrolusite, iodine is liberated, and may be recognized by its 
Tiolet vapors, or, if the reaction is strong, by its crystallization in the tube. 
Silver iodide when heated in a closed tube with galena yields a sublimate 
of lead iodide, which is dark orange-red when hot, changing to lemon- 
yellow when cold. 


Iridium, Ir.—Trivalent and tetravalent. Atomic weight, 193. 
Iridium is one of the rare metals occurring with platinum (see p. 10-4). 


Iron, Fe.—Bivalent in ferrous and trivalent in ferric com¬ 
pounds. Atomic weight, 56. 

Occurrence.— Iron is found very abundantly in minerals 
(p. 3), and those from which most of the metal of commerce is made 
are magnetite, Fe,,0,; hematite, Fe^O,; limonite, Fe,0,(0H),; and 
sidcrite, FeCO,. Iron is found in a great variety of combinations 
with sulphur (pyrite, FeS.,; pyrrhotite, Fe„S„; and chalcopyrite, 
CuFeS.), and among the salts of most of the mineral acids, sili¬ 
cates, phosphates, etc. It is important to distinguish bet-sveen 
two classes of compounds, il\Q ferrous containing bivalent, and 
the ferric containing trivalent, iron. Examples of ferrous com¬ 
pounds are: 


Fe<o>Si<oN4| 


On 


siderite, Fe< q>C = O; almandine garnet, Fe <q> Si <q ; and 

Pe<Q>br<Q/ 


Li—O 


\r 


triphylite, = 

0 

and ot ferric compounds; 


Pe=0 Ca<g>Sl<g^j,, 

hematite, >o; andradite garnet, Ca<o>Si<o ’ 

Fe=0 0^^.^0>e 

scorodite, Fe^O^As = 0.2H,0. 
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Many minerals contain both ferrous and ferric iron, as magnet¬ 
ite, Fe^O^ = FeO + Fe.Og. Ferrous iron is very often isomor- 
phous with the bivalent metals, magnesium, manganese, zinc,, 
cobalt, and nickel; and ferric iron, with the trivalent metal 
aluminium. 

Detection.— The magnet will usually serve for the detection 
of iron, while more delicate tests can be made with the lliixes or 
in the wet way with potassium ferri- and ferrocyanides. 

1. Test with a Magnet—On\j a few of the minerals contain¬ 
ing iron (magnetite and pyrrhotite) are attracted by the ordinary 
magnet,'^ but many of them, especially the sulphides, oxides, and, 
carbonates, become magnetic after being heated before the blow¬ 
pipe in the reducing flame, either on charcoal or in the forceps. 
When thus heated, silicates and phosphates become magnetic 
only when they contain a rather large percentage of iron, but the 
test is rendered more delicate if the powdered mineral is fused on 
charcoal with about twice its volume of sodium carbonate, and 
the resulting slag tested with a magnet. 

A magnet will not attract a piece of red-hot iron, and frag¬ 
ments of minerals that have been heated will not be attracted 
until they have become cold. 

a. Illustrate the above by testing fragments of pyrite and hematite with 
a magnet, both before and after heating in the reducing flame (compare 
experiments e and / on p. 38). 

1. Test almandine garnet with a magnet, after fusing before the blow¬ 
pipe, and also test the slag made by fusing the powdered mineral with 
sodium carbonate on charcoal. 

2. Test with the Borax Bead ,—The oxides of iron are soluble 
in borax, and give colors which depend upon the amount of 
material in solution and the state of oxidation of the iron. In the 
oxidizing flame, the bead contains Fe^Og, and with little oxide it 
is yellow (amber-colored) when hot, fading to nearly colorless 

* An electromagnet, arranged with its poles close together so as to give a con¬ 
centrated field, attracts all minerals containing iron, unless the percentage of the 
metal is small. 
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when cold, while with more oxide it is brownish-red Tvhen hot 
and yellow when cold. In the reducing flame, the bead contains 
FeO, or FeO with Fe^Os, and the colors are not so intense, with 
little oxide, being pale green when hot, colorless when cold; and 
'Arith more oxide, bottle-green when hot, changing to a paler shade 
on cooling. 

3. witJh iJhC SctZi —In the oxidizing 

flame with little oxide, the color is yellow when hot, changing 
to colorless when cold, and with more oxide, brownish - red, 
changing through yellow to nearly colorless. In the reducing 
flame with little oxide, the color is pale yellow when hot, fading 
through pale green to colorless, and with more oxide, brownish-red 
when hot, changing on cooling to yellowish-green, and finally to 
nearly colorless or, if much oxide was used, to a very pale violet. 

4. Special Tests for Ferrous and Ferric /ro?z.—With the 
exception of the sulphides and a few rare combinations, if 
minerals are dissolved in hydrochloric or sulphuric acid, the 
solution will contain the iron in the same state of oxidation as it 
existed in the original substance. For example, siderite, ferrous 
carbonate, and hematite, ferric oxide, when dissolved in hydro¬ 
chloric acid, yield ferrous and ferric chlorides, respectively. 
PeCO, -f 2HC1 = PeCl, + H,0 -f CO„ and Pe,0, 6HC1 = 
2FeCl, + 3H,0. 

Ferrous Iron .—This may be detected by adding potassium, 
ferricyanide to the cold, dilute, acid solution, when a deep blue 
precipitate of ferrous ferricyanide will be formed, which does 
not differ in color from Prussian blue. 3FeCl, -f- K,Fe,(CN)„ = 
Fe,FeXCN)., + 6KC1. 

In solutions containing ferrous salts, potassium ferrocyanide produces 
a pale bluish-white precipitate of K,Fe 5 (CN),, which by absorption of 
oxygen from the air speedily acquires a blue color. Ammonium sulpho- 
cyanate causes no coloration in solutions of ferrous salts, provided they are 
entirely free from ferric compounds. 

Ferric Iron .—^This may be detected by adding potassium ferro¬ 
cyanide, to the cold, dilute, acid solution, when a deep blue 
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precipitate of ferric ferrocyanide, or Prussian blue, will be formed. 
4FeCb -f 3K,Fe(CN). = Fe.Fe^CCN'),, + 12KCL 

Addition of ammonium sulpliocyanate, blH.CNS, produces, 
even in dilute solutions of ferric salts, an intense blood-red color, 
but no precipitate. 

Potassium ferricyanide deepens the color of solutions containing ferric 
salts, but fails to produce a precipitate. 

Conversion of Iron from One State of Oxidation to the Other.^ 
a. Ferrous iron may be converted to ferric by boiling tlie hydro- 
cliloric acid solution with a fevr drops of nitric acid. The reaction 
is a rather complicated one, but in principle it is simple. Nitric 
acid furnishes oxygen, and the change may be indicated as follows, 
2FeCl, + 2HC1 + 0 = 2Fe0l3 + H,0. 

5. Ferric iron may be changed to ferrous by boiling the hydro 
chloric acid solution with metallic tin or zinc until tlie yellow color 
entirely disappears (see p. 26). 

Prepare a solution containing ferrous iron by dissolving -I- ivory spoonful 
of powdered siderite in 5 cc. of boiling hydrochloric acid. 

a. To illustrate the reaction for ferrous iron, take a few drops of the 
solution in a clean test-tube, dilute with cold water, and add a little of a 
freshly prepared solution of potassium ferricyanide, but avoid using a large 
excess of the reagent, for in this case, owing to the yellow color of the 
solution, the precipitate, when suspended in it, will appear green instead of 
blue. 

b. To show the conversion of ferrous to ferric iron, boil the remainder 
of the solution with a few drops of nitric acid, and note the change in color, 

c. To illustrate the reactions for ferric iron, take a few drops of the 
solution, oxidized as dhected in the foregoing paragraph, dilute with water, 
and add a little potassium ferrocyanide, or test a similar dilute solution with 
ammonium sulphocyanate. Save the remainder of the solution for the 
experiment under § 5. 

The tests with potassium ferricyanide for ferrous iron and with potas* 
si’iim ferrocyanide for ferric iron are exceedingly delicate, and a very good 
way of applying them is to take drops of each reagent on a clean porcelain 
plate, and by means of a glass rod or tube to bring in contact with them 
drops of the solution to he tested. 

Detection of Ferrous and Ferric Iron in InsoluVLe MineraU^ 
esjpecially Silicates, —Most minerals wMch axe insoluble in acids 
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may be dissolved after they have been decomposed by fusion with 
borax. To make the test, take about i ivory spoonful of finely 
yowdered mineral and three times its volume of powdered borax- 
glass in a rather large closed tube, and fuse in a Bunsen-burner 
flame. While hot, crack the glass about the fusion by touching 
drops of water to it, break off the end, transfer to a test-tube con¬ 
taining 3 cc. of hydrochloric acid and boil for about a minute, 
then dilute with 5 cc. of water. Divide the solution into two 
parts and test one for ferrous iron with potassium ferricyanide, 
the other for ferric iron either with ammonium sulphocyanate or 
potassium ferrocyanide. The tests are very decisive, and oxida¬ 
tion resulting from contact with the air and reduction during 
fusion, which can not be wholly avoided, are so trifling that 
practically they may be disregarded. 

5. Precipitation of P'erric Iron with Ammonia,—Kmmom^ 
added in excess to a solution containing ferric iron precipi¬ 
tates the latter completely as brownish-red ferric hydroxide. 
FeCls + SISTH^OH = Fe(OH )3 + SNH^Cl. The precipitate can be 
readily filtered, and thus iron can be wdiolly removed from a 
solution. Ferrous iron is partially thrown down by ammonia as a 
dirty green precipitate, which slowly acquires a brown color, 
owing to the absoiption of oxygen from the air. 

Lanthanum, La.—Triva.lent. Atomic weight, 138. 

The reactions of this rare earth-metal are given under Cerium. 

Lead, Pb.—Bivalent and tetravalent. Atomic weight, 207. 

OcoiJUEENGE.—Lead is very widely distributed in nature and 
is found most abundantly in galena, PbS. Among various other 
combinations, the commonest are cerussite, PbCOg; anglesite, 
PbSO,; pyromorphite, Pb 4 (PbCl)(PO,) 3 ; and wulfenite, PbMoO^. 
It is worthy of note that silicates of lead are exceedingly rare. 

Detection.— The formation of metallic globules and a coating 
of the oxide on charcoal are usually sufficient for the detection of 
lead. 

1. Peduction on Charcoal to Metallic Lead and Formation of 
a Coating of Lead Oxide .—Lead is readily reduced from its 
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compounds, and one of tlie best methods for its detection is to mix 
I ivory spoonful of the powdered mineral with an equal volume of 
charcoal-dust and about 3 volumes of sodium carbonate, moisten 
to a paste with water, transfer to a flat charcoal surface or a shal¬ 
low cavity, and heat before the blowpipe in a moderately strong 
reducing flame. By a little manipulation of the blast, the 
particles of lead may be made to move about and unite into a 
single globule, which appears bright when covered with the 
reducing flame, but on cooling becomes dull, owing to a coating of 
oxide. Lead is, moreover, somewhat volatile, and that portion 
which passes off as vapor unites with the oxygen of the air, and 
deposits on the charcoal as a coating of oxide, which is sulphur- 
yellow near, and bluish-white distant from the assay. The coating 
is volatile when heated in either the oxidizing or reducing flame. 
The lead globule is soft and malleable, and may be cut with a 
knife or flattened by hammering on an anvil. 

The test may be made with cerussite or other lead compound, and it 
will he well to make a good-sized lead globule for use in future experiments.' 
The best idea of the coating of lead oxide may be obtained by removing the 
globule to a shallow cavity in a fresh piece of charcoal, and heating for a 
short time before the blowpipe at tbe tip of the blue cone. 

From the foregoing reaction on charcoal, the identity of lead 
is seldom doubtful, but the test is sometimes modified by the 
presence of other elements, while bismuth gives reactions wdiich 
in appearance are very similar to those of lead. 

When galena is roasted alone on charcoal at a rather high 
temperature, an abundant white sublimate is formed, resembling 
oxide of antimony, and consisting chiefly of some volatile com¬ 
bination of PbO and SO^. If roasted carefully, however (p. 39, 
Fig. 41), at a very low temperature, SO^ is given off, and a globule 
of lead formed, accompanied by the yellow coating of lead oxide, 
bnt without much of the white coating just mentioned. 

In the presence of sulphide of antimony, it is recommended to 
roast the powdered mineral on charcoal with a very small oxidizing 
flame, until the antimony is mostly volatilized, and then to add 
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sodium carbonate to the residue, and heat in the reducing flame 
so as to form globules of metallic lead, which, however, will still 
contain some antimony. 

2 . Iodine Test —When a coating of lead oxide on charcoal is 
moistened with a few drops of hydriodic acid and heated with a 
small flame, a volatile and very conspicuous chrome-yellow deposit 
of lead iodide is formed, which appears greenish-yellow when there 
is only a thin coating of it on the coal. A similar coating may be 
obtained by adding to the powdered mineral from 2 to 4 volumes 
of a mixture of potassium iodide and sulphur (p. 26), and heat¬ 
ing on charcoal in a small oxidizing flame, or by heating on a 
gypsum tablet as described on p. 17. 

3. Flame Coloration .—Lead compounds, when heated in a re¬ 
ducing flame before the blowpipe, may impart a pale azure-blue 
color to the flame, showing a greenish tinge in the outer parts. 
If the experiment is made in the forceps, special care must be 
taken not to alloy the platinum. 

4. Solution and Precvpitatlon of Lead.—li is best to use dilute 
nitric acid (1 part HNO 3 to 2 of water) for the solution of lead 
minerals. Concentrated nitric acid will not answer, owing to the 
insolubility of lead nitrate in it. From solutions containing lead, 
sulphuric and hydrochloric acids throw down lead sulphate, PbSO^, 
and lead chloride, PbClg, respectively, as heavy white precipitates. 
The chloride is quite soluble in hot water and sparingly so in cold, 
therefore it will not be formed in solutions which are hot or too 
dilute. It is frequently convenient to dissolve a lead mineral in 
rather dilute boiling hydrochloric acid, when, on cooling, most of 
the lead will crystallize out as lead chloride. 

Tests may be made by dissolving the lead globule from § 1 in about 3 cc. 
of dilute nitric acid, dividing into 2 parts, and adding to one a few drops of 
dilute sulphuric and to the other a few drops of hydrochloric acid. They 
may also be made with the solution obtained by dissolving some lead min¬ 
eral (cerussite or pyromorphite) in dilute nitric acid. 

In some minerals, it may be found advantageous to test for 
lead as follows: Decompose from 3 to 5 ivory spoonfuls of the flue 
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powd-cr in Si cnssGrol© witli nitric ncidj jiddL 2 cc. of concGntrjitGd 
sulpliuric acid, and evaporate until the nitric acid is removed, and 
white, choking fumes of sulphuric acid commence to come off. 
When the dish becomes cold, add water, stir for some time, then 
filter ofi the insoluble lead sulphate, and test some of it according 
toll. 

Lithium, Li.—Univalent. Atomic weight, 7. 

OccuBEENOE.—This alltali metal is found only in the silicates 
and phosphates, but is not of very rare occurrence. The commonest 
minerals containing it are lepidolite, LiK[Al(F.OtI)JAl(SiO,),; 
spodumene, LiAllSiO,),; triphylite, LiFePO,; litliiophilite, 
LiMnPO,; amblygonite, Li[Al{P.OH)]PO,; and some varieties of 
tourmaline and mica. 

Detection. —The crimson color which lithium imparts to a 
flame will usually serve for its detection. The test may be made 
according to directions given on p. 35. The color of a pure 
lithium flame is nearly monochromatic, showing, when examined 
with the spectroscope, one bright crimson and one very faint 
yellowish-red band. In testing minerals, it will be found that the 
appearance of the flame is somewhat modified by the presence of 
other substances, especially sodium, which is apt to occur in small 
quantities with lithium, but usually its disturbing influence may 
be overcome by the fact that lithium is more volatile than sodium. 
When, therefore, the assay is first introduced into the flame, the 
red of lithium will show before the yellow of sodium, and when 
the flame is strongest, if the position of the assay is changed to 
where the heat is less intense, the yellow will disappear first, and 
finally the red of lithium will be distinctly seen. Where the pro¬ 
portion of sodium is large, however, the spectroscope must be 
resorted to. In testing silicates, it will often be found advan¬ 
tageous to mix the assay with powdered gypsum, and to heat as 
directed under potassium (p. 105, § 1, c). Colored glasses do 
not assist very much in the analysis of mixed flames containing 
lithium. 
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The crimson flame of lithium must not be mistaken for that of 
strontium, which it resembles very closely (p. 116, § 1). 

Magnesium, Mg.—Bivalent. Atomic weight, 24. 

OcouEKENCE.— Magnesium is a very common element (p. 8), 
being found in a great many silicates, several of which are 
important rock-making minerals; as pyroxene, amphibole, biotite, 
enstatite, olivine, and serpentine. It occiu’s also in a. variety 
of other combinations, such as brucite, MgO.H^; magnesite, 
MgCOa; dolomite, MgCa^COs),; spinel, MgAhO,, etc. In the 
majority of its compounds, some ferrous iron is isomorphons 
with the magnesium. 

Detection. —There are no satisfactory blowpipe tests for mag¬ 
nesium, and it is best detected in the wet way by precipitation as 
ammonium magnesium phosphate. 

1. Precipitation as Ammonium Magnesium Phosphate,—Yxom. 
a solution made strongly alkaline with ammonia, sodium plios- 
phate causes the formation of a white crystalline preciiiitate of 
ammonium magnesium phosphate, NHAIgP 04 *bH 20 . Before 
making the test for magnesium, however, it must be ascertained 
that substances precipitated by ammonia, ammonium sulphide 
and ammonium carbonate or oxalate, have been removed from 
the solution, as otherwise a phosphate of some other element might 
be thrown down and mistaken for magnesium; while magnesium 
will not be precipitated by the above-mentioned reagents, provided 
{a) that the solution is sufficiently dilute, (5) that it contains some 
free mineral acid, such as hydrochloric or nitric, and (c) that it 
does not contain an acid with which magnesium forms an insoluble 
combination (phosphoric, for example). The manner in which the 
test is applied may be illustrated by the following experiments: 

a. Dissolve i ivory spoonful of brucite, , in 3 oc. of hydro¬ 

chloric acid, warm if necessary, dilute with from 5 to 10 cc. of water, add 
ammonia in excess, and finally a few drops of a solution of sodium 
phosphate. 

Z>. Dissolve i ivory spoonful of dolomite, CaMg(C 03)2 (with probably a 
trace of EeOOa), in 3 cc. of boiling hydrochloric acid, add a drop of nitric 
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acid to oxidize the irou, then 5 co. of water, heat to boiling, add ammonia 
in excess, and filter, provided a precipitate of ferric hydroxide has formed 
(p. 87, § 5). To the filtrate containing calcium and magnesium chlorides 
add ammonium carbonate or oxalate, which precipitate calcium (p. tiO, 
§§ 5 and 6), filter, and test the filtrate with sodium phosphate. 

For the detection of magnesium in silicates and complex 
bodies, see p. 110, § 4. 

2. Alkaline Reaction.—A few magnesium minerals become 
alkaline after ignition, but the test, which is made by placing the 
ignited material upon moistened turmeric-paper, is not very de¬ 
cisive nor satisfactory. 

3. Test with Oohalt Nitrate.—'S,ome of the white or colorless 
magnesium compounds, when moistened with cobalt nitrate and 
ignited before the blowpipe, assume a faint pjink color, but the 
test is neither very general in its application nor very satisfactory. 

Manganese, Mn.—In minerals, usuallj'- bivalent, but sometimes 
trivalent and tetravalent. Atomic weight, 55. 

OccTJERENCE.—Manganese is very widely distributed in na¬ 
ture, small quantities of it, usually a fraction of 1 per cent, being 
found in many minerals and in most of the silicate rocks. Some of 
the common manganese minerals are pyrolusite, MnOj; mangan- 
ite, MnO(OH); braunite, Mn^O,; hausmannite, Mn,0<i; rhodochro- 
site, MnCOj; rhodonite, MnSiO,; tephroite, Mn^SiO,; and lithi- 
ophitite, LiMnPO^. It occurs rarely as sulphide (alabandite, 
MnS, and hauerite, MnS,). 

Detection. —Manganese can be readily detected by means of 
the sodium carbonate and borax beads. 

1. Test loitTi a Sodium Qarhoyiate Bead, —Oxide of manganese 
dissolves in a sodium carbonate bead, when heated before the 
blowpipe in the oxidizing flame, with the formation of sodium 
manganate, IN’ajMnO^. The bead thus formed is green when hot 
and bluish-green when cold. The test is a very delicate one, and 
other substances are not apt to interfere "with it. In the reducing 
flame, the manganese is reduced to MnO and the bead loses its 
color. 
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The experiment can be made by dissolving a very little pyrolusite, or 
other mineral containing manganese, in a sodium carbonate bead made 
according to directions given on p. 24. 

A similar test may be made by fusing some of the finely 
powdered mineral on platinum-foil or in a spoon with sodium 
carbonate, to which a little potassium nitrate has been added in 
order to bring about the oxidation. By this means a very small 
quantity of oxide of manganese, 0.10 per cent, may be detected by 
the bluish-green color of the fusion. 

2. Test with a Borax Oxide of manganese dissolves in 

borax, giving in the oxidizing flame a bead which is opaque while 
hot, but on cooling becomes transparent and has a fine reddish- 
violet or amethystine color, due to tlie presence of a higher oxide 
of manganese. It takes only a very little manganese to give this 
test, and if too much is added, the color of the bead is so intense 
that it appears black. If the bead is not too strongly colored, it 
will speedily become transparent while held in the reducing flame 
The manganese is thus reduced to a lower oxide, MnO, and the 
bead is colorless. If the bead containing MnO is again heated in 
the oxidizing flame, clouds, which indicate the presence of a 
higher oxide of manganese, soon make their appearance, and, on 
cooling, the bead is reddish-violet. Other substances which give 
colors to borax may, of course, interfere with this test. 

3. The Salt of Phospltortts Bead. —This assumes an amethys¬ 
tine color with manganese if heated in the oxidizing flame, but the 
test is not so delicate nor satisfactory as with borax. 

4. The Higher Oxides of Manganese.—Tsxexei are a number of 
these containing more oxygen than MnO. They dissolve in 
hydrochloric acid with evolution of chlorine gas, and some of 
them, when heated, give oxygen gas (compare Oxygen, p. 100, 
§§ 1 and 2). 

Mercury, Hg.—Bivalent in mercuric, and univalent in mercu¬ 
rous, compounds. Atomic weight, 200. 

OcctJEEENOE. —Mercury is not widely disseminated in nature 
and is found in only a few minerals, the one which furnishes most 
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of the metal of commerce being cinnabar, IlgS. The following are 
all of rather rare occurrence; native mercury ; amalgam, Ag with 
Hg; tiemaniiite, HgSe; onofrite, HgSe with HgS; calomel, HgCl, 
and the varieties of tetrahedrite containing mercury. 

Detection.— The formation of metallic mercury, by heating 
with sodium carbonate in a closed tube, is usually the most satis» 
factoi^y test. 

1 . Closed-tule Tests—It the pulverized mineral is intimately 
mixed with about 4 volumes of dry sodium carbonate, transferred 
to a closed tube, covered with an additional layer of sodium car¬ 
bonate about i cm. long, and heated in a Bunsen-burner flame, at 
first rather cautiously, the mineral will be decomx^osed and metal¬ 
lic mercury will distil off and condense as globules on the walls of 
the tube. If only a little mercury is formed, it will api:)ear as a gray 
sublimate composed of minute globules which may be made to 
unite by rubbing with a platinum wire or slip of paper. 

Mercury compounds, when heated alone in a closed tube, 
usually volatilize without decomposition. 

a. To make the test, take about \ ivory spoonful of cinnabar and 2 of 
dry sodium carhonate^ mix them intimately by trituration in an agate mor¬ 
tar, and proceed as directed above. Dry sodium carbonate may be bad by 
beating some of the ordinary material below redness either in a porcelain 
crucible or on any clean metal surface. The reaction is as follows: HgS -f 
bTagCOg = Hg + 0 + COj + Na^S. On breaking the tube and placing some 
of the residue containing on silver along with a drop of water, a test 
for the sulphur may be obtained (p. 120, § 5). 

Heat some cinnabar alone in a closed tube, and observe the black 
sublimate of HgS, which resembles the arsenical mirror. Also observe that 
no metallic mercury is formed. 

3. Open-tuhe Reaction ,—A convenient way of testing sulphide 
of mercury is to roast a little of the mineral in a rather large open 
tube, when the products formed are essentially metallic mercury 
and SO 4 . For success in this experiment, the tube is at first 
heated very hot Just above the substance, and then the latter is 
heated wry carefully and gradually so as not to drive off any 
black, unoxidized sublimate of HgS. Often a slight non-metallic 
sublimate forms, possibly some combination of oxide of mercury 
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and SO,, but if tliis is driven up tlie tube by beat, it is for the 
most part decomposed, and the resulting gray sublimate will be 
found to consist of minute globules of mercury, which may be 
united by rubbing with a wire or slip of paper. 

3. Precipitation upon Copper,—If a bit of clean copper is 
placed in a solution containing mercury, the mercury will deposit 
in the metallic state upon the copper, and the latter will then 
appear as if it had been silver-plated. 

Boil a mixture of powdered cinnabar and pyrolusite for a short time 
with hydrochloric acid, dilute with water, and introduce into the cold solu¬ 
tion a copper coin or strip previously cleaned by dipping it into strong nitric 
acid and washing with water. The action of the pyrolusite is to liberate 
chlorine (p. 101 , § 2 ), which is essential for the solution of the cinnabar. 
The deposition of mercury upon the copper is due to a simple inLerchangeof 
the metals. HgCl, + “ fig -f CnCl,. 

Molybdenum, Mo. — Tetravalent and sexivalent. Atomic 
weight, 96. 

Occurrence. —Molybdenum is found sparingly in nature, and mostly as 
molybdenite, MoS,, and wulfenite, PbMoO^. 

Detection. —The character of the test for molybdenum depends upon 
whether the element occurs as sulphide or in an oxidized condition. Por 
the former, an oxidation, and for the latter, a reduction test is recommended. 

1 . Roasting on Charcoal .—If a fragment of molybdenite is heated on 
a flat charcoal surface for a considerable time in the oxidizing flame, 
there results, at a short distance from the assay, a coating of molybdic 
oxide, MoO,. This is pale yellow when hot, almost white when cold, and 
often consists of delicate crystals. Still nearer to the assay, the charcoal 
is covered with a very thin, tarnished, copper-colored coating of MoO,, 
which is seen best when cold and by reflected light. The MoO, coating is 
volatile in the oxidizing flame, and, if touched for an instant with a moder¬ 
ately hot reducing flame, it assumes a beautiful ultramarine-blue color 
(very characteristic), due probably to a combination of MoO^ and M 0 O 3 . 

2 . Roastmg in the Open Tube ,—If thin shavings of molybdenite are 
heated at a high temperature in an open tube, a yellow sublimate of MoOg 
deposits a little above the assay, and frequently forms a mass of delicate 
crystals. 

3. Flame Test .—A fragment of molybdenite, held in the forceps and 
heated before the blowpipe at the tip of the blue cone, impvarts a pale 
yellowish-green color to the flame. 
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4 . Beduction Ted,~~l\\ a test-tubo take about 4 ivory spoonful of finely 
powdered molybdate (wulfenite, PbMoOJ and a scrap of paper not over 
1 mm. square, add from 3 to 6 drops of water and an equal quantity of con¬ 
centrated sulphuric acid and heat until copious fumes of the acid begin to 
come off, then, after allowing the tube to become cold, add water a drop at 
a time. The addition of the first few drops of wniter gives rise to a magni¬ 
ficent deep-blue color, which quickly disappears when the quantity of water 
added amounts to a few cubic centimeters. The exact nature of this reaction 
is not well understood, but it is due presumably to a slight reducing action 
caused by the presence of the paper. It generally does not succeed well 
when only a very minute quantity of mineral is tested. 

5. Reactions with the Fluxes, —The salt of phosphorus bead is best. If 
a small quantity of the oxide is dissolved in the bead in the oxidizing flame, 
the glass is yellowish-green when hot, changing to almost colorless when 
cold. In the reducing flame it becomes dirty green when hot, changing to 
a fine green on cooling. The tests with borax are neither very satisfactory 
nor decisive. 

Nickel, Ni.—Bivalent. Atomic weight, 59. 

Occurrence. —Nickel is a comparatively rare element, occur¬ 
ring most often as a sulphide or arsenide, and associated usually 
with cobalt and iron. Some of its important comi)oiinds are 
millerite, NiS; niccolite, MAs; cliloantliite, NiAs.^; gersdorfite, 
NiSAs ; penthandite, NiS with FeS ; and gentliite, a hydrous sili¬ 
cate of nickel and magnesium. Nickel is found with cobalt in 
most of the sulphides and arsenides mentioned under the latter 
element, and much of the metal of commerce is obtained from 
nickeliferous pyrrhotite, essentially FeS, but containing from 1 to 
5 per cent of Ni isomorphous with the Fe. 

Detection,— The element is usually detected by the color its 
oxide imparts to the borax bead in the oxidizing flame. 

1. Test with a Borax Bead, —Oxide of nickel dissolves in the 
borax bead, and in the oxidizing flame yields a violet color* when 
hot, not unlike the color given by manganese, but changing to 
reddish-brown on cooling. By rather long heating in a strong 
reducing flame, the bead becomes opaque, owing to the separation 
of metallic nickel, and if the bead is removed from the wire and 
fused on charcoal in the reducing flame together with a granule of 
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metallic tin, an alloy of tin and nickel is formed, and the glass 
finally becomes colorless or nearly so. A small percentage of 
cobalt will completely obscure the color of nickel, while a trace of 
cobalt in the presence of much nickel may be detected, as described 
onp. 71, § 1. 

2. Test with a Salt of Fhosphorus Bead.—This test for nickel 
is not very satisfactory. In the oxidizing fiame, with little oxide, 
the bead is reddish when hot, and becomes pale yellow on cooling, 
while with much oxide it is brownish-red when hot, becoming 
reddish-yellow on cooling. In the reducing flame on platinum 
wire, the color of the bead is unchanged, but if heated for a long 
time on charcoal with a granule of tin, metallic nickel is formed, 
which alloys with the tin, and the glass becomes colorless. 

3. Test loith Ammoma. —This reagent, when added to a solu¬ 
tion containing nickel, may cause a slight precipitate at first, but 
the precipitate speedily dissolves and imparts a pale blue color to 
the solution, which must not be confounded with the much deeper 
color given by copper when its solutions are treated in a similar 
way. 

4. Special Tests for Nickel and Cohalt tcJien they Occur with Other 
Biihstances.-~Tve^t some of tlie powdered mineral in a casserole with acid 
(nitric is best if the mineral is a sulphide or arsenide), and boil imtil solu¬ 
tion is effected and only about 5 cc. of acid remain. Then dilute with 
water, l)oib add ammonia in considerable excess, and filter, when the 
nickel and cobalt, or at least the greater part of them, will be found in the 
filtrate free from iron. Boil the filtrate in a casserole, add caustic potash, 
and continue the boiling until the ammonia salts are decomposed, and addi¬ 
tion of more potash does not produce any additional smell of ammonia. By 
this treatment, nickel and cobalt are precipitated as hydroxides. These 
should be collected on a filter and washed once or twice with hot water. 
Test some of the precipitate with a borax bead in the oxidizing flame, and 
if it shows the color of nickel, cobalt is absent, or present only in very small 
quantity (compare p. 71, § 1). H on the.other hand, the bead is blue, 
indicating cobalt, nickel is possibly present, and may be tested for as 
follows: 

Ignite the paper with the precipitate in a porcelain crucible until the 
carbon is burned away, or, if there is a large quantity of the precipitate, 
some of it may be placed on charcoal and dried out with a blowpipe flame. 
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The dried material is then ground in a mortar with about twice its volume 
of metallic arsenic and a very little fused borax, transferred to a closed 
tube, and heated gently at first, and finally intensely, before the blowpipe, 
until the nickel and cobalt, which have now united with the arsenic to 
form arsenides, fuse into a single globule. The glass is then cracked, and 
the metallic globule freed as completely as possible from slag. It is next 
placed upon charcoal together with a bit of borax glass, and heated at first 
in the reducing flame and then continuously in the oxidizing flame, by 
which treatment the cobalt is slowly oxidized and imparts to the borax its 
characteristic color. Sometimes the color is not seen distinctly until some 
of the fused borax is taken up in the forceps and drawn out into a thread. 
If the quantity of cobalt is considerable, it may be necessary to remove the 
globule from the slag (best done by taking the globule in the forceps and 
plunging it while hot into cold water), and fuse it with a fresh portion of 
borax. As long as cobalt is present, nickel will not oxidize, and the surface 
of the bead remains bright while hot, hut when the cobalt has all been re¬ 
moved, the nickel commences to oxidize, and its oxide forms a crust over the 
surface of the bead, which is not as readily dissolved by the borax as the 
oxide of cobalt. The appearance of the bead, therefore, indicates that 
cobalt is no longer present, and if the bead is removed and fused against 
a fresh portion of borax, it imparts to the latter the brown color char¬ 
acteristic for nickel. Considerable experience in the use of the blowpipe is 
needed to carry out this operation successfully. Sometimes a mineral may 
he fused directly in the reducing flame, to a globule of sulphide or arsenide, 
and then treated in the oxidizing flame with borax on charcoal as described 
above. If iron is present, it oxidizes before the cobalt. Copper, wdnch does 
not interfere with the test, oxidizes only after the nickel has all been re¬ 
moved. 

For the detection of small quantities of nickel in pyrrhotite, the test as 
given above may be recommended. 

Niobium, Nb.—Pentavalent. Atomic weight, 94. 

OccuERENCE. —Mobium, called also colttmhium, is almost invari¬ 
ably associated with tantalum, and together they constitute the acid-form¬ 
ing elements of a group of minerals known as the niobates and tantalates. 
The two elements are isomorphous with one anothei*, and their compounds 
are characterized by being unusually heavy. Some of the more common 
minerals containing them are columbite, tantalite, pyrochlore, microlite, 
fergusonite, samarskite, euxenite, and polycrase. Niobium is, moreover, 
occasionally found in silicates, as wohlerite. 

Detection. —Niobium is best detected by boiling an acid solution con¬ 
taining it with metallic tin, and obtaining a blue color which is due to 
reduction. 
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L Reduction Test ,—As tlie niobates are usually very insoluble in acids, 
they must first be decomposed, which may be accomplished most conven¬ 
iently as follows: Mix the finely powdered mineral with about 5 times its 
bulk of borax, moisten to a paste with water, take up some of the mixture 
in a loop on platinum wire, and fuse at a high temperature before the blow¬ 
pipe. Make two or three of these beads, remove tliein from the wire, crush 
in a diamond mortar, and boil the powder with 5 cc. of hydrochloric acid, 
which should yield a clear or nearly clear solution. On adding some gran¬ 
ulated tin, and boiling, the blue color of niobium will appear, which is not 
readily changed to brown by continued boiling, and which rapidly disap¬ 
pears upon addition of water. The blue color is due to reduction, but the 
composition of the compound which causes it is not definitely known. If 
titanium is present, the violet color due to the reduction of that element 
appears before the blue of niobium. An acid solution containing niobium, 
if treated in a similar manner with metallic zinc, becomes sometimes mo¬ 
mentarily blue, but the color soon changes to brown, owing to reduction to 
ISTbCls. Tungsten gives similar reduction tests, but may be readily dis¬ 
tinguished from niobium by a number of reactions mentioned under that 
element. 

2 . Decomposiiio7i tuith Fotassncm Bisulphate .—A method that is very 
generally adopted for the decomposition of niobates and tantalates is to fuse 
the finely powdered mineral with from 8 to 10 parts of potassium bisul¬ 
phate. The fusion is ordinarily done in a crucible, but it may also be made 
in a test-tube, since the heat which is required need not exceed faint red¬ 
ness and the glass is not attacked. AYheii the decomposition is complete, as 
shown by the disappearance of dark particles, the tube may be inclined and. 
turned while cooling, causing the fusion to solidify as a thin crust on its 
sides, so that it may be more readily dissolved on subsequent treatment. It 
is digested with cold water, which requires considerable time (the application 
of heat is not recommended), and there is left an insoluble white residue 
consisting of niobic and tantalic oxides, while the bases are in solution. 
The insoluble oxides are collected on a filter and washed, and if a portion of 
them is treated in a test-tube with hot concentrated hydrochloric acid, and 
boiled with granulated tin, the blue color due to niobium may be obtained. 

. For the separation of small quantities of tungsten and tin from the im 
soluble niobic and tantalic oxides, see p. 126, § 3. 

3. Oxide of niobium gives no satisfactory reactions with the fluxes. 

Nitrogen, IST.—Trivalent and pentavalent. Atomic weight, 14. 

OocuREEKOE.—Nitrogen is the characteristic non-metaUic ele¬ 
ment of nitric acid, HNOg, and of the nitrates. The simple ni¬ 
trates of the metals are soluble in water, and are not found as 
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minerals in regions wliere there is a considerable rainfall. In arid 
regions, however, they may accumnlate and be of great commer¬ 
cial importance, as the sodium nitrate deposits of Chili and Peru. 
The ammonium compounds also contain nitrogen, and have already 
been mentioned on p. 43. 

Detection of Nitrates.— When heated in a closed tube, or, 
better, in a bulb tube, with potassium bisulphate, nitrates are 
decomposed and yield NO, gas, which may be detected by its red 
color (seen best by looking into the tube lengthwise), and also by 
its odor. Potassium bisulphate may be omitted in testing nitrates 
of the heavy metals, for thej?^ are so readily decomposed that NO, 
gas is given off even on moderate ignition. 

Osmium, Os.—See the platinum metals, p. 104. 

Oxygen, 0.—Bivalent. Atomic weight, 16. 

OccuBEENCE. —Oxygen is the most abundant element in the 
crust of the earth (p. 3). With the excejition of the native ele¬ 
ments, the sulphides, fluorides, and halogen salts, oxygen is 
present in all minerals. Many elements unite with oxygen in 
varying proportions; those containing the smallest quantity of 
oxygen are called lower oxides, or ous comj)Ounds (FeO = ferrous 
oxide), and those with more oxygen, higher oxides, or ic com¬ 
pounds (Pe.O, =/em'c oxide). 

Detection. —Usually no direct test is made for oxygen, but if 
a mineral is determined to be a salt of some oxygen acid, as car¬ 
bonic or silicic, which may be readily done, it must contain oxygen; 
while, on the other hand, if it is a sulphide or chloride, it probably 
will not contain oxygen. However, oxysulphides, oxychlorides, 
and oxyfluorides, although rare, are known, as are also chlorides 
and fluorides containing water of crystallization. For some of the 
higher oxides, the closed-tube test, or the liberation of chlorine 
when dissolved in hydrochloric acid, may be applied. 

1. Closed-tuie Reaction .—Some of the higher oxides, when 
heated in a closed tube, yield oxygen gas, which is colorless and 
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odorless, but may be detected by burning a piece of charcoal 
in the tube. 

Place some fragments of pyrolusite, MnO,, in the bottom of a closed 
tube, and a little above, a sliver of charcoal (compare Fig. 45, p. 62); then 
heat the charcoal alone, and observe that although it gets red hot, it does 
not burn, owing to the limited supply of air in the tube. Keeping the 
charcoal hot, apply heat to the pyrolusite, and as soon as oxygen com¬ 
mences to be given off, the charcoal will burn brightly, and continue to do 
so as long as oxygen is supplied by the mineral. The reaction is SMnO^ = 
Mn,0, + 20. 

2. Liberation of Chlorine .—When some of the higher oxides 
are dissolved in hydrochloric acid, chlorine gas is liberated, which 
may be recognized by its peculiar odor and bleaching action, while 
ordinary oxides when similarly treated do not set chlorine free. 
These differences are illustrated by the following equations: 

MnO, + 4HC1 = MnCl, + 2H,0 + 2C1. 

Fe^O, + 6HC1 = 2FeCl3 + 3H,0. 

Whether chlorine is liberated or not depends upon the charac¬ 
ter of the metal. The oxygen of the oxide and hydrogen of the 
acid unite to form water, and if the chlorine thus available is more 
than sufficient to satisfy the valence of the metal, the excess will 
be liberated. 

Treat one ivory spoonful of finely powdered pyrolusite, MnO^, in a test- 
tube with 5 cc. of hot hydrochloric acid. Observe the odor of the escaping 
gas, and also bleach a piece of moistened litmus-paper by holding it for a 
short time within the test-tube. 

Palladium, Pd.—See the platinum metals, p. 104. 

Phosphorus, P.—Pentavalent (usually). Atomic weight, 31. 

OccTJERENCE. —Pliospliorus is the characteristic non-metallic 
element of phosphoric acid, HsPO^, and its salts, the phosphates. 
Although a great many phosphates are known, the majority of 
them are rare minerals, and many of them are isomorphous with 
arsenates and vanadates. The following will serve as illustrations: 



102 


EEACTIONS OF THE ELEMENTS. 


Phosphoru* 


apatite, CaXCaF)(PO,).; triphylite, Li(Fe,Mn)PO,; and vivianite, 
Fe.(P0,)=.8H,0. 

Detection.— Ammonium molybdate is tlie best reagent for the 
detection of phosphates, but the flame coloration or the reduction 
test with magnesium may be used. 

1. Test with Ammonium, Alolyhdate .—When a nitric acid 
solution of a phosphate is added to a solution of ammonium mo- 
lybdate, according to the directions given beyond, a yellow 
precipitate of ammonium phosphomolyhdate, ai)proximately 
Mo,„(NHJ,P 0 ,,. 14 H, 0 , is thrown down, and furnishes an 
exceedingly delicate test. Only a little of the phosphate solu¬ 
tion should be added to the ammonium molybdate at first, since 
the precipitate may not form if an excess of x)hosphoric acid is 
present. The precipitation should take place in a cold or only 
slightly warmed solution, for if heated to boiling, other things, 
especially a corresponding arsenic compound might be thrown 
down and mistaken for the phosphate precipitate. If the mineral 
is insoluble in nitric acid, it may be first fused in a sodium 
carbonate bead and then dissolved in this acid. An acid other 
than nitric may be used for dissolving the mineral, but in that 
case it is best to nearly neutralize the excess of free acid with 
ammonia, before adding the solution to the ammonium molybdate. 
When applying this test, it is recommended to follow quite 
closely the details of the experiment as given below. 

Dissolve i ivory spoonful of apatite in about 3 cc. of warm nitric acid, 
and pour a few drops of the solution into another test-tube containing 
about 5 ce. of ammonium molybdate, when, after standing a few minutes 
in the cold, the yellow precipitate will make its appearance. 

2. Flame Test .—Many phosphates when heated before the 
blowpipe impart a pale bluish-green color to the flame, while 
others often show the reaction if moistened with concentrated 
sulphuric acid and then heated. The color, although not very 
marked, is often suflS.cient for the identification of a phosphate 
(compare p. 136). 
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The experiment may be made with fragments of wavellite, A1 P 0 
13H,0, or apatite. In case the latter mineral is used, it is necessary to 
moisten the fragment with sulphuric acid, and then the color is distinct for 
only a short time. 

3. Heduction with Metallic of the 

alkalies and alkaline earths, when strongly ignited in a closed 
tube with magnesiuni, are reduced, with the formation of a 
phosphide. This, when moistened with water, gives the disagree¬ 
able odor of phosphuretted hydrogen, PH,, somewhat like''the 
garlic odor of arsenic. AVhen phosphates of aluminium and the 
heavy metals are to be tested, it is best to fuse the powdered 
mineial with pdits ol sodium carbonate on charcoal, to remove 
and grind up the fused mass, and then to ignite the powder with 
magnesium. 

The experiment may be made with apatite or wavellite. In the latter 
case, however, the mineral should first be fused with sodium carbonate. 

Take a piece of magnesium ribbon about 25 mm. long, roll or fold it up 
into a compact mass, and drop it into a closed glass tube. Next add the 
finely powdered phosphate, tap the tube so as to bring the powder as much 
as possible in contact witli the magnesium, and ignite very strongly with a 
blowpipe flame, being careful to hold the tube in such a manner that, if an 
explosion should occur, tlie contents would not be shot out into the face. 
Crack off the end of the tube by dropping water upon it while it is still 
hot, moisten the contents with a few drops of water, and observe the odor 
of the phosphuretted hydrogen; or, after allowing the tube to become cold, 
introduce a drop or two of water, and observe the odor at the end of the 
tube. 

Platinum, Pt.—Bivalent and tetravalent. Atomic weight, 195. 

OccuRREN'CE. —Platiiium is found native, but it then always contains 
some iron and traces of other metals belonging to the platinum group. 
The only mineral containing platinum in chemical combination is sperrylite, 
PtAs._j. 

BETECTioisr. —The color, high specific gravity, in fusibility, and insolu¬ 
bility in any single acid, are properties which serve for the identification of 
platinum. When the metal occurs in sand, it may be concentrated by 
washing as described under gold, but without using mercury. Por a more 
definite test for platinum, it is recommended to fuse the metal in a cavity 
on charcoal with some test-lead, using borax, if necessary, to take up 
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impurities. The metallic globule, freed from slag by bammeriug, is then 
treated with dilute nitric acid {IILISO, : 2H,0), which dissolves everything 
but the platinum metals and gold, and these are then collected upon a 
filter-paper, washed, and ignited. The finely divided platinum thus 
obtained dissolves readily in aqua regia, giving a reddish-yellow solution 
containing hydrochlorplatinic acid, H^PtOlp, which should be evaporated 
nearly to dryness, at a moderate heat, treated with hydrochloric acid, and 
again evaporated. It should be finally taken up with a little water, filtered 
if necessary, and added to a concentrated solution of ammonium chloride, 
when a yellow precipitate of ammonium platiuic chloride, (NHj^PtClg^ 
will he thrown down. The precipitate, if collected upon a filter, washed 
with alcohol, and ignited, yields a gray platinum sponge, containing often 
some other metals of the platinum group. Gold, if present, will be in the 
filtrate. 


The Rarer Metals of the Platinum Group. 

Ruthenium, Eu.>-Atomic weight, 101.5. 

Rhodium, Eh.—Atomic weight, 103. 

Palladium, Pd.—Atomic weight, 106.5. 

Osmium, Os.—Atomic weight, 190.8. 

Iridium, Ir.—Atomic weight, 193.1. 

OcoTJRBBNOB.— All the above metals are found in small quantity in 
native platinum. Iridium and palladium, containing some platinum and 
traces of the other platinum metals, are found native. Iridosmine is a mix¬ 
ture consisting chiefly of iridium and osmium. Laurite is essentially RuS^. 

Detection.— The analysis of the platinum metals is one of the difficalt 
problems of analytical chemistry for which advanced works on the subject 
should be consulted, A few special tests, however, will he given. 

Osmium is characterized by a volatile oxide, OsO^, which has an 
Bxceedingly penetrating and disagreeable odor, somewhat resembling bro¬ 
mine. The vapors are poisonous and should not be breathed too freely. 
The odor may be obtained by heating the powdered mineral in an open 
tube, and a very characteristic test may be made by bringing the upper end 
of the tube within a Bunsen-bnrner flame, so that the osmic oxide will pass 
into the latter, which will become luminous, owing to the reduction of the 
osmic oxide and to the glowing of the finely divided metallic osmium. The 
odor of osmium is also obtained when the finely divided mineral is oxidized 
by fusing in a bulb tube with sodium or potassium nitrate. 

Iridium md iridosmine are characterized by their hardness (6-7) and 
insolubility in acids, even aqua regia failing to dissolve them. Iridium is 
partially oxidized by fusion with sodium nitrate (this may be done in a 
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bulb tube), and the fused mass when boiled with aqua regia yields a deep 
red to reddish-black solution. 

Native palladium exhibits a bluish taruisli, which is lost by heating in 
the reducing flame, the color becoming like that of platinum, but is 
regained by heating moderately in the air (best in an open tube). When a 
piece is flattened on an anvil to expose a maximum surface, and fused with 
potassium bisulphate, the metal is oxidized and dissolved to some extent. 
On soaking out the fusion in water, and adding a very small crystal of 
potassium iodide, a black precipitate of palladous iodide is formed, wliicli 
dissolves in a large excess of potassium iodide, giving a deep wine-red color. 

Potassium, K.—Univalent. Atomic weight, 39.1. 

OcouKKEKCE. —Potassium is a very abundant element, and, 
although its simple salts are soluble in water, it occurs in 
insoluble combinations in many silicates. Orthoclase, KAlSi^Og, 
is one of the most abundant minerals in the crust of the earth. 
The most important minerals for the production of potassium 
compounds are certain soluble chlorides (sylvite, carnalite), which 
are found in connection with deposits of rock salt. 

Detection. —Flame coloration furnishes the most convenient 
means of testing for potassium, and, where this test cannot be 
applied, precipitation as potassium platinic chloride may bo 
resorted to. 

1. Flame Test. —Volatile potassium compounds color the flame 
pale violet, and the test may be made by introducing the sub¬ 
stance, held in the forceps or in a loop on platinum wire, into the 
hottest part of the Bunsen-burner or blowpipe flame. The flame 
color is not very strong and is easily obscured by other elements, 
especially sodium, but by viewing it through blue glass of suffi¬ 
cient thickness, the disturbing colors may be absorbed, and the 
potash flame will be distinctly seen of a violet or purplish-red 
color, depending upon the depth of color of the glass. 

a. Take up some sylvite, KOI, in a small loop on platinum wire, intro¬ 
duce it into a Bunsen-burner flame, and observe the color. Also examine 
the flame through various thicknesses of blue glass. 

1). Add a little sodium chloride to the potassium chloride, and repeat the 
foregoing experiment. 

c. In testing silicates from which, under ordinary conditions, the potas- 
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siuna is not readily volatilized, the following method will be found very 
useful: Mix the finely powdered mineral with an equal volume of powdered 
gypsum, and having heated a platinum wire until it gives no color to the 
flame, touch the end of it to a drop of water and then to the mixture, so as 
to take up a little of the latter. Introduce this carefully into the hottest 
part of a Bunsen-burner flame, and observe the color, making use of blue 
glass to absorb the yellow resulting from sodium, which is almost sure to be 
present, in traces at least, with potassium. G-ypsum, when fused with the 
mineral, forms calcium silicate and potassium sulphate, and the latter, when 
it volatilizes, imparts the color to the flame. Instead of a straight wire, a 
small loop may be used for taking up the mixture, but it is necessary to 
have a heat snfliciently intense to fuse the minerals together and liberate 
the potassium sulphate. The test is quite delicate. 

2. AlTcaline Eeactioii—'Witlx the exception of the silicates, 
phosphates, borates, and salts of a few rare acids, the potassium 
compounds become alkaline upon intense ignition before the 
blowpipe. The test is not so satisfactory as that made with 
minerals containing other alkalies and alkaline earths. 

3. Frecipitation as Potassium Flatinic Chloride .—If hydro- 
chlorplatinic acid, HaPtCle, is added to a rather concentrated, 
neutral, or slightly acid solution containing potassium, a yellow 
crystalline precipitate of potassium platinic chloride, K^PtClg, 
will be formed, which furnishes an excellent means for detecting 
potassium. The precipitate is sparingly soluble in water, and 
almost absolutely insoluble in alcohol. Ammonium compounds 
yield a similar precipitate, (NH 4 ) 2 PtCl 6 . 

a. In order to make the test, dissolve a little sylvite, KCl, in a few drops 
of water, and tlien add a few drops of hydrochlorplatinic acid. 

1. To adapt the test to insoluble silicates, proceed as follows: Fuse the 
powdered mineral with sodium carbonate, as described in detail under 
silicates (p. 110, § 4). Pulverize the fused mass, treat it in a test-tube with 
a little hydrochloric acid, evaporate to dryness, and after cooling add about 
2 cc. of water and boil. Next add an equal volume of alcohol, filter through 
a small paper, and add a few drops of the hydrochlorplatinic acid solution 
to the filtrate in order to precipitate the potassium. 

Rhodium, Ph.—See the rare metals of the platinum group, p. 104. 

Rubidium, Eb.—Univalent. Atomic weight, 86.5. 

Occurrence.— This rare alkali metal is found very sparingly together 
with caesium in some varieties of lepidolite. 
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Detection". —Rubidium is very similar to potassium, and forms an 
insoluble platiiiic chloride, Rb^PtCle. Examination with a spectroscope, 
is needed for its identification. 

Selenium, Se.—Bivalent and sexivalent. Atomic weight, 79. ' 

OCCUKKENCE. —This rare element is found usually in combination with 
the metals, as selenides; clausthalite, PbSe; tiemannite, HgSe, etc., wliich- 
are analogous to sulphides. 

Detection.— When a substance containing selenium is heated before^ 
the blowpipe on charcoal, a curious odor may be observed which is de¬ 
scribed by Berzelius as similar to that of radishes and also of decaying' 
radishes. It is impossible to describe this odor, but only a few trials are 
necessary to render it familiar, and it is so pronounced and characteristic 
that a very minute quantity of selenium may be detected by means of it. 
If the selenium is present in considerable quantity, it volatilizes as a brown¬ 
ish smoke, and some of it deposits at a little distance from the assay as a 
silvery coating of oxide, SeO^, which may have an outer border of red, 
owing to admixture of finely divided selenium. If the coating is touched 
with the reducing flame, the selenium volatilizes, and imparts a magnificent 
azure-blue color to the flame. This is an extremely delicate and character¬ 
istic test. 

In the open tube, selenium yields a white oxide, SeO^, which usually 
crystallizes in radiating prisms on the sides of the glass, and is reddened by 
an admixture of finely divided selenium. The sublimate is volatile, and, 
if driven up the tube, it may be made to give a beautiful blue color if the 
tube is held so that the vapors at the end pass into the reducing part of a 
Bunsen-buriier flame. 

In the closed tube, selenium volatilizes from some of its compounds, 
and condenses as black globules fused against the glass, but where the 
globules are very minute, they transmit some light and cause the thinnest 
part of the sublimate to appear red or brown. Owing to the air in the 
tube, a little oxide, SeO^, may form, which crystallizes on the glass above 
the selenium. 

Silicon, Si.—Tetravalent. Atomic weiglit, 28. 

OccuBRENOE. —Next to oxygen, silicon is tlie most abundant 
element in the minerals which constitute the crust of the earth 
(p. 3). In combination with oxygen, it forms the very common 
mineral, quartz, SiO,, and it is the characteristic non-metallic 
element in the silicates, or salts of silicic acid. Silicates are very 
numerous, and salts of several kinds or types of silicic acids are 
recognized, the most important of which are as follows: 



108 


KEACTIOXS OF THE ELEMEOTS. 


Silicon 


Ortliosilicic acid, H*SiOi. 

Metasilicic acid, H,SijO„ = SH^SiO,. 

Trisilicic acid, H,Si,0„. 

Tetrasilicic acid, H^Si^O,, = 2 H 2 Sij 05 . > 

The acids, written as above in a progressive series, differ from 
one another by addition of SiO,. There are no methods for deter¬ 
mining just what kind of silicic acid is contained in any given 
silicate except quantitative chemical analyses from which the 
ratio between the silica and the metals may be calculated (p. 6). 
For example, in forsterite, Mg ; Si = 2 :1, and, Mg being biva¬ 
lent, the formula must be Mg^SiO^ a salt of ortliosilicic acid. In 
orthoclase, K : A1: Si = 1: 1: 3, and potassium being univalent 
and aluminium trivalent, the formula is KAlSi^O,. In the major¬ 
ity of cases, the empirical formulae of the silicates have been 
determined with a fair degree of accuracy, and most of them have 
been found to correspond to the few types of acids already men¬ 
tioned, the orthosilicates and metasilicates being the commonest. 
The formulae of some silicates, however, and among them a few 
of the common ones, are uncertain. The true constitution of the 
silicates, that is, their structural formulae or the manner in which 
the atoms are united to one another, is uncertain, and largely a 
matter of conjecture. It has been found that the metals sodium, 
potassium, calcium, magnesium, ferrous and ferric iron, and 
aluminium, are of very common occurrence in the silicates, and 
that orthosilicates are more soluble in acids than metasilicates 
and polysilicates. 

Detection. —The surest method for the identification of a 
silicate is to get the mineral in solution in an acid, and obtain 
gelatinous silica by evaporation. The residue or skeleton of 
silica obtained in the salt of phosphorus bead furnishes a simple 
but not very delicate test. 

1. Formation of a Jelly .—When a silicate is dissolved in 
acid the solution may be regarded as containing free silicic acid, 
possibly H.SiO,, and, upon evaporation, there comes a point 
when the latter can no longer remain in solution, but yields a 
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gelatixious mass. If tlie evaporation is continued until the mass 
becomes dry, and the latter is then moistened with strong acid 
and digested with water, the bases will go into solution, while 
the silica remains insoluble and may be separated by filtering. 
Comparative tests have shown that gelatinization is more readily 
obtained with nitric than with hydrochloric acid, although in 
many cases either will answer. As most silicates are insoluble 
in acids, a previous decomposition, by fusion with sodium carbon¬ 
ate, is usually necessary before applying the test (compare § 4). 

To illustrate the foregoing, in the case of soluble silicates, take about 2 
ivory spoonfuls of finely powdered calamine (Zn 0 H) 2 Si 03 , or nepheline, 
essentially NaAlSiO,, mix in a test-tube with* about 1 cc. of water, then 
add 3 cc. of nitric or hydrochloric acid, warm, and observe that the mineral 
yields a perfectly clear solution. Boil the solution, and it will soon become 
thick from the separation of gelatinous silica. The gelatinous silica is 
insoluble in water and acids, and, if thoroughly washed with water and 
dried over sulphuric acid, has essentially the composition H^SiO^. The 
reason for adding the water at tlie beginning of this experiment is to 
thoroughly mix the mineral with the acid. If omitted, the acid when it first 
comes in contact with the dry material will often form a layer of gelatinous 
silica over the powder and prevent a portion of it from going into solution. 

2. Separation of Silica withoiii Oelatinization.—'&omQ sili¬ 
cates are completely decomposed by boiling with acids, the bases 
going into solution, while the silica is left in an insoluble condi¬ 
tion, but without any formation of a jelly. Prom the appearance 
of the test it is sometimes rather difficult to tell whether a mineral 
has been decomposed or not, bnt the separated silica, having a 
low index of refraction, makes the liquid in which it is suspended 
appear translucent and almost clear, while the fine, susp)ended 
powder of an insoluble mineral causes the liquid to appiear white 
and milky. A sure test is to filter, and evaporate a drop of the 
solution on a piece of glass or platinum, when, if a considerable 
residue is left, it indicates that a decomposition has taken place, 
and the bases have gone into solution. 

An experiment to illustrate the above may be made by boiling 2 ivory 
spoonfuls of finely powdered serpentine or stilbite with 5 cc. of hydrochloric 
acid. 
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3. Fusion with Sodium Oarhonate .—When qnartz, SiO^, or a 
silicate is fused with sodium carbonate, a sodium silicate is formed. 
Moreover, the fused mass will be soluble in acids, and, upon evapo¬ 
ration of the solution, gelatinous silica separates, as in § i. 
Fusion with sodium carbonate is indispensable for the solution and 
subsequent analysis of insoluble silicates (compare § 4). 

To illustrate the foregoing paragraph, take some very finely powdered 
quartz, SiOj,, and an equal volume of sodium carbonate (rather less sodium 
carbonate than more), make into a paste with water, then support some of 
the mixture on a small loop on platinum wire and heat with an intense 
blowpipe fiame. Instead of fusing on a platinum loop, the experiment suc¬ 
ceeds beautifully when a minute quantity of the mixture is heated intensely 
on a clean charcoal surf ace. ’ If successful, a transparent bead should result, 
and the experiment illustrates the process of glass-making. The sodium 
carbonate brings about a decomposition of the quartz, the anhydride of 
silicic acid, with the formation of sodium silicate and evolution of carbon 
dioxide gas, the reaction being somewhat as follows: 2Na.^CO, -f SiO, = 

m,Si0,+2G0,. 

4. Special Treatment for the Detection of the Common Ele¬ 
ments in Silicates ,—The methods to be described are for the detec¬ 
tion of aluminium, iron, calcium, and magnesium, which are very 
commonly present in silicates, but to devise a scheme applicable to 
all possible cases would require the elaborate methods of qualita¬ 
tive chemical analysis, which are beyond the scope of the present 
work. The scheme has been made as simple as possible, and the 
tests can be performed upon a small quantity of material and in a 
short time, but the beginner will find it necessary to follow the 
details quite closely. 

If a silicate is insoluble in acids, it may be decomposed readily 
by fusion with sodium carbonate and then dissolved. For a test, 
mix a scant ivory spoonful of the finely iDowdered silicate with 3 
parts of sodium carbonate, make into a paste with a drop of water 
and then take uj) a portion of the material on a loop on platinum 
wire and fuse before the blowpipe. Make two or three beads, if 
necessary, rather than attempt to fuse all of the material at once. 
In almost all cases there results after fusion an opaque mass, the 
presence of various oxides contained in the mineral, mixed with 



silicon 


REACTIOKS OF THE ELEMENTS. 


Ill 


the sodium silicate and excess of sodium carbonate, preventing the 
formation of a clear glass as in § 3. The several beads, after 
removal from the platinum wire, are pulverized in a diamond 
mortar, transferred to a test-tube, treated with about 1 cc. of water 
and an equal volume of nitric acid, and evaporated to dryness, 
being careful toward the end of the operation not to allow the tube 
to become very hot. After cooling, moisten the contents of the 
tube with about 3 cc. of hydrochloric acid, boil for a few seconds, 
so as to decompose any basic salts formed during the evaporation, 
then add 6 cc. of water, heat to boiling, and remove the insoluble 
silica by filtering. The silica separated at this point should be 
white, and may be tested as follows: Wash well on the paper with 
water, but do not add the washings to the first filtrate, puncture 
the paper, and, by means of a jet of water, wash the silica into a 
clean test-tube, then add a little potassium hydroxide and boil, 
when the silica, if pure, will go wholly into solution. 

The filtrate from the silica contains the bases, with the iron in 
the ferric condition, owing to the use of nitric acid. The solution 
is heated to boiling, and ammonia is added in slight excess to pre¬ 
cipitate aluminium and ferric hydroxides (p. 42, § 2, and p. 87 § 5), 
which are collected on a filter and washed with water. If the pre¬ 
cipitate is light-colored, iron is absent, or present only in small 
quantity ; if it is reddish-brown, indicating iron, aluminium may 
be also present, and must be specially tested for, as follows: By 
means of a knife-blade or spatula scrape off the precipitate from the 
filter, and with the aid of a jet of water transfer it to a clean test- 
tube, or fold up the paper with the precipitate, and drop it into 
the test-tube. Have about 5 cc. of water present, then add some 
potassium hydroxide (a x>iece of stick potash 5 mm. long), and 
boil, by which treatment aluminium hydroxide is dissolved, and 
may be separated from the iron by filtering. The solution is made 
acid with hydrochloric acid, boiled, and ammonia added in excess, 
when aluminium, if present, will be precipitated. Whether fer¬ 
rous or ferric iron is contained in the mineral must be determined 
by special tests (p. 85, § 4). 

The filtrate from the iron and aluminium may contain calcium 
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and magnesium (if mucli magnesium is present, some of it may 
have been precipitated by ammouia along with the iron and alumin 
iiim). It is heated to boiling, and a little ammonium oxalate 
iidded in order to precipitate the calcium (p. 60, § 6). Calcium 
oxalate is precipitated in a very finely divided condition, and is 
liable to run through filter-paper. It is best, therefore, to let the 
precipitate stand for about ten minutes before filtering, and then, 
if the filtrate is turbid, to pass it a second or third time through 
the same filter until the pores of the paper become stopped, and .. 
clear filtrate is obtained. To the filtrate, a little ammonium oxalate 
is added to make sure of the complete precipitation of the calcium, 
and, if no precipitate forms, some sodium phosphate and strong 
ammonia are added to precipitate the magnesium (p. 91, § 1)._ If 
a precipitate does not form immediately, however, it must not be 
considered that magnesium is absent, for, if only a small quantity 
is present, and especially if the solution is warm, the precipitate 
may not appear until after standing some time in the cold. For 
alkalies, the tests given under sodium (p. 116, § 1, c) and potassium 
(p. 105, § 1, c) are recommended. 

5. Test with the Salt of Phosphorus Bead. —Oxide of silicon 
dissolves with difficulty in a salt of phosphorus bead; therefore, 
when some powdered silicate is fused in the bead, the silica, SiO^, 
is left as an insoluble skeleton or translucent mass, while the bases 
go into solution. The test may be recommended on account of its 
simplicity, but it is not delicate. 

In order to test the above, touch the phosphorus bead when hot to any 
powdered silicate, so as to take up a quantity which before heating does not 
quite cover one half the surface of the bead, and then heat before the 
blowpipe, in the hottest part of the flame. As the bases dissolve in the hot 
glass, the silica moves about and collects together, and, when examined 
with a lens, it appears as a translucent mass, usually occupying a position in 
about the center of the bead, and is quite different in appearance from 
any undissolved mineral. Sometimes it is better to heat 2^ fragment of the 
mineral in the bead, and after igniting for some time, the translucent silica 
skeleton may be seen surrounding a particle of the still undecomposed 
mineral. 

6. Becomposition loith Borax. — Silicates are quite soluble in 
a borax bead, and it may be sometimes found convenient to sub- 
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stitute tliis treatment for fusion witli sodium carbonate in order 
to decompose a silicate. 

Silver, Ag.—Univalent. Atomic weight, 108. 

OccuRKEKOE.— Some silver is found native and as chloride or 
bromide, but by far the greater part of the metal of commerce is 
obtained from its compounds with sulphur. A few of the most 
important silver minerals are argentite, Ag,S; stromeyerite, AgCuS; 
pyrargyrite, 3Ag,S.Sb,S,; proustite, SAg^S.As.S,; stephanite, 
SAg^^S.Sb^Sj; polybasite, essentially OAg^S.SbjS,; cerargyrite, 
AgCl; and embolite, AgCl with AgBr. Silver is found in sev¬ 
eral combinations with tellurium, and in small quantity in many 
sulphides ; as in galena, sphalerite, chalcocite, bornite, and tetia- 
hedrite, which are then called argentiferous. Owing to the 
value of silver, it is profitable to extract it from ores which con¬ 
tain only a small percentage of the metal. An ore, for example, 
having one per cent of silver would yield 291 troy ounces of the 
metal per ton, and, under favorable conditions, ores containing 
less than one tenth of the above amount may be profitably worked. 

Detection. —The metal is usually detected by reduction to 
the metallic state or by precipitation as silver chloride. 

1. Reduction to Metallic Silver .—From pure silver minerals, 
the metal may be readily obtained on charcoal by fusion before 
the .blowpipe with about 3 volumes of sodium carbonate. The 
metal easily fuses to a globule, and this is bright both while in 
the flame and after cooling, for the metal does not tend to oxidize. 
The silver globule is malleable, can be flattened by hammering on 
an anvil, and may be further tested according to § 3. When other 
readily reducible metals are present, the globule obtained by the 
above treatment will not be pure silver, and fusion with test-lead 
' and cupellation on bone-ash (§ 2) may then be resorted to. Often 
fusion on a clean charcoal surface in the oxidizing flame with bo¬ 
rax is sufficient to free the metal from impurities, since the foreign 
substances oxidize, dissolve in the borax, and leave finally a globule 
of pure silver. When in combination with only volatile elements 
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(sulpliur, arsenic, antimony), a silver globule may be obtained by 
beating some of the mineral alone on charcoal in the oxidizing 
flame. Silver is volatile to a slight degree, but alone on charcoal 
it gives no characteristic coating. When silver is associated with 
lead and antimony, however, the coatings which these latter ele¬ 
ments give on charcoal assume a reddish to deep lilac tint, which 
serves as a very certain indication of the presence of silver. 

2 . Cupellation on Bone-ash and Detection of Small Quantities of 
method well adapted for the detection of even very small quanti- 
ties of silver in minerals or ores is to mix an ivory spoonful of the finely pow¬ 
dered material with an equal volume each of borax glass and test-lead, 
transfer to a rather deep, funnel-shaped cavity in a compact piece of char¬ 
coal, and fuse before the blowpipe for some time in a reducing flame until 
the lead, which takes up all the silver, has united into one globule, while 
the impurities dissolve in the borax. Later an oxidizing flame may be used 
in order to form lead oxide, which dissolves in the borax and assists in taking 
up the impurities. After cooling, the lead is removed from the charcoal, and 
freed from adhering slag by hammering on an anvil. A cupel is next pre¬ 
pared by filling a cavity on charcoal with bone-ash, and pressing the latter 
down firmly by means of an agate pestle or other smooth rounded surface, 
such as the back of the metal scoop (Fig. 22), so as to form a shallow de¬ 
pression about 15 mm. in diameter. Loose particles of bone-ash are removed 
by inverting and gently tapping the charcoal, and the cupel is heated in¬ 
tensely before the blowpipe in order to expel moisture. The lead button is 
then placed carefully upon the cupel, so as not to disturb the surface of the 
bone-ash, and fused before the blowpipe, first in the reducing flame until 
a bright metallic surface is obtained, and then in a small oxidizing flame 
(Fig. 41). It is necessary to heat in the oxidizing flame for several minutes 
in order to oxidize the lead, during which time the surface of the button 
shows a play of rainbow colors, due to a thin film of lead oxide, which con¬ 
stantly flows to the sides, and is absorbed by the bone-ash. Finally, when 
the last of the lead is oxidized, the play of color ceases, the globule is said 
to lUolcf and the operation is completed. Frequently the amount of lead 
oxide formed is so great that it cannot all he absorbed by one cupel. The 
button then becomes surrounded by, and seems to float upon, the fused lead 
oxide, and when this happens, it is best to intei'rupt the operation and oxidize 
the last of the lead upon a fresh cupel. 

Considerable practice is needed in order to make the silver assay easily 
and quickly, but when the necessary skill has been acquii’ed, the operation 
may be performed in less than fifteen minutes, and by assaying samples of 
known value and saving the silver beads for comparison, one can soon learn 
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to judge of the relative values of ores. By starting with weighed quantities 
of material, and especially by making use of the special apparatus men- 
tioned in Plattner’s elaborate treatise,* very good quantitative determina¬ 
tions of silver may be made by means of the blowpipe assay. 

8. l^recipitation cts Silnev CZiZoricZe.—Silvei' chloride, AgCl, is 
very insoluble in water and dilute nitric acid. A w^hite precrpitate 
of silver chloride will therefore form if silver is dissolved in di¬ 
lute nitric acid (IHNO,: 2H,0) and a few drops of hydrochloric acid 
are added to the solution. If the quantity of the precipitiate is 
small it appears as a turbidity, while if it is considerable it col¬ 
lects as a curdy mass. It darkens on exposure to light and is 
readily soluble in ammonia. A globule of silver from one of the 
foregoing experiments may be tested in this way. It is also often 
convenient to test for silver by dissolving a mineral in hot, concern 
tinted, nitric acid, and, after dilution, and filtering if necessary, to 
precipitate the silver with hydrochloric acid. The precipitate, if 
collected on a filter, may be tested according to § 1. 

Sodium, Na.—Univalent. Atomic weight, 23. 

OccuERENCE. — Sodium is a very abundant element, and al¬ 
though its simple salts are all soluble in water and are not ordi¬ 
narily found as minerals in wet regions, they often accumulate in 
desert or dry places, and form deposits of great commercial value. 
The most important compound is halite, hTaCl, which is found both 
as rock salt and in solution in the water of the oceans. Double 
salts containing sodium, which are insoluble in water and often 
also in acids (for example, albite, JSTaAlSisOg), are very common, 
especially in the group of silicates. 

Detection. —Sodium is usually detected by means of the flame- 
coloration and alkaline reaction. 

1. Flame Test .—Volatile sodium compounds color the flame 
yellow, and the test is exceedingly delicate. The color is monochro¬ 
matic, and therefore shows only a single band in the spectroscope. 
The flame color cannot be seen through moderately dark blue glass, 
as the yellow rays are wholly absorbed (see Potassi um, p. 105, § 1). 

* Probirkunst mit dem Ldthrohre. American translation by Cornwall. 
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a. To illustrate the above, fuse in the forceps some halite or cryolite 
before the blowpipe, or, still better, fuse some of the material into a loop on 
platinum wire and introduce it into a Buiiseii-burner flame at about the 
point r, Fig. 35, p. 32. 

5. To illustrate the great delicacy of the reaction, heat a platinum wire 
until it gives no color to the flame, then draw it through the fingers, heat 
again, and observe the yellow color which results from the minute trace of 
sodium derived from contact with the fingers. The flame test is so exceed¬ 
ingly delicate that a great deal of judgment must be exercised in making 
use of it. A mineral should be regarded as containing sodium only when it 
gives an intense and prolonged yellow coloration, as in the previous test. 

c. Silicates from which sodium is not readily volatilized may be fused 
with gypsum, as directed under potassium (p. 105, § 1, c), 

2. Alkaline ReacUon,-—S^\ih the exception of the silicates, 
phosphates, borates, and the salts of a few rare acids, sodium com¬ 
pounds become alkaline upon ignition before the blowpipe. A 
similar reaction is obtained from other minerals containing the al¬ 
kalies and alkaline earths. 

Make a loop about 3 mm. in diameter on platinum wire, fuse some 
halite in it, and continue to heat for some time, but not long enough to 
volatilize all the material. In order to test the alkaline reaction, bring 
the fused mass in contact with a piece of moistened turmeric-paper on a 
clean glazed surface. In this experiment, water (one of the products of 
combustion) acting at a high temperature brings about a partial decomposi¬ 
tion of the material, as follows: FTaCl + H^O = ISFaOH + HCl. 

5. If a fragment of cryolite, NagAlF^, is fused in a loop on platinum 
wire and heated before the blowpipe, the hydrofluoric acid which is driven 
off may be readily detected by its pungent odor, or by the reddening of a 
moistened blue litmus-paper held at a little distance beyond the flame, while 
the residue will impart an alkaline reaction to moistened turmeric-paper. 

Strontium, Sr.—Bivalent. Atomic weight, 87.5. 

Occurrence.— -Strontium is found quite abundantly as celes- 
tite, SrSO^, and strontianite, SrCOg, but other combinations are 
rare (brewsterite). 

Detection. —Strontium is usually detected by the flame color¬ 
ation, alkaline reaction after heating, and by precipitation as sul¬ 
phate. 

1. Flame Test .—Strontium compounds when heated before the 
blowpipe impart a crimson color to the flame, and this may be ob- 
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tainedby igniting fragments held in the platinnm-pointed forceps, 
or often still better by taking up some of the powdered mineral on 
platinum wire, as directed on p. 35, and heating before the blow¬ 
pipe or in the Bunsen-burner flame. Often the coloration can be 
made more intense by moistening the material with hydrochloric 
acid: The crimson flame must not be mistaken for lithium, or, in 
case hydrochloric acid is used, for the yellowish-red of calcium 
(p. 59, § 2), which, however, is not as persistent on prolonged heat¬ 
ing as the crimson of strontium. A spectroscope can be used to 
advantage. 

2. Alkaline Reaction. —Strontium compounds become alkaline 
upon ignition before the blowpipe, with the exception of the sili¬ 
cates and phosphates (compare Calcium, p. 58, § 1). A similar re¬ 
action is obtained from other minerals containing the alkalies and 
alkaline earths. There are no lithium minerals known which yield 
an alkaline reaction after ignition, and therefore a crimson flame 
in connection wflth alkaline reaction is an almost certain proof of the 
presence of strontium. 

3. Precipitation as Strontium Sulphate. —Strontium sulphate, 
SrSO,, is very insoluble in water and dilute acids, and may be 
precipitated by adding a few drops of dilute sulphuric acid to 
solutions, provided the latter are not very dilute and do not con¬ 
tain too much acid. The test will be found convenient in distin¬ 
guishing strontium from lithium and calcium, and for the detec¬ 
tion of strontium in silicates and phosphates which do not yield 
a flame coloration or alkaline reaction (compare Barium, p. 53, 

§ 3 , 6 ). 

Dissolve an ivory spoonful of strontianite in 3 cc. of warm hydrochloric 
acid, divide the solution into 2 parts, dilute one with about 5, and the other 
with 15 cc. of water, and add a few drops of dilute sulphuric acid to each. 
In the more concentrated solution, the precipitate forms almost immedi¬ 
ately, but in the other, only after standing for several minutes, while an ex¬ 
periment made in exactly the same manner with caloite, CaOO,, would not 
yield a precipitate of OaSO, in either solution (see p. 59, § 3). In order 
to precipitate strontium completely as sulphate, it is necessary to add an 
equal volume of alcohol to the liquid. 
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4. Specific Strontium compounds are lieavy, and 

their specific gravities lie between those of the corresponding cal¬ 
cium and barium salts, as the following examples show: 

Speoiflc Gravity. Specific Gravity. 

Aragonite, GaCO, 3.95 Anhydrite, CaSO^, 2.98 

Strontianite, SrCO,, S.I'O Celestite, SrSO,, 3.96 

Witherite, BaOO,, 4.36 Barite, BaSO,, 4.48 

Sulphur, S.—Bivalent and sexivalent. Atomic weight, 32. 

OccxjEEEKCE.—In addition to being found native, sulphur also 
occurs in two very important classes of compounds, the sulphides 
and sulphates. The sulphides may be generally regarded as salts of 
the weak acid, hydrogen sulphide, H,S, and the common ores of 
many of the valuable metals are of this class; as argentite, Ag,S; 
galena, PbS; sphalerite, ZnS; cinnabar, HgS, etc. The sulphates are 
salts of sulphuric acid, H,SO,, and the metals calcium, strontium, 
barium, and lead, form insoluble sulphates, which occur abundantly 
in nature. Soluble sulphates, especially those of the alkali metals, 
may accumulate in arid regions, and a number of double salts and 
basic sulphates are known. Sulphur is found rarely in combina¬ 
tion with a silicate; as in helvite, Mn,(Mn,S)Be,(SiO ,)3 find noseite, 
Na,(N'aSO,Al)Ah(SiO,)3. 

SULPHIDES. 

Detection.—S ulphides may be most conveniently detected by 
an oxidizing process, such as roasting in the open tube or on char¬ 
coal. 

1. Oxidation, or Boasting in the Open Tube .—An exceedingly 
delicate test for a sulphide is to heat some of the finely powdered 
mineral in an open tube, when sulphur dioxide, S0„ and usually 
an oxide of the metal are formed. Sulphur dioxide, the anhydride 
of sulphurous acid, is a colorless gas, which may be readily detected 
by its sharp, pungent odor and the acid reaction which it imparts 
to a piece of moistened litmus-paper placed at the end of the tube. 

According to the directions given on p. 19, heat about of an ivory 
spoonful of finely powdered galena in an open tube until the odor of sulphur 
dioxide (burning sulphur) ceases, and the dark lead sulphide has changed 
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wholly to light-colored lead oxide. The reaction is essentially as follows : 
PbS -f- 30 = PbO H- SO,. Lead oxide and sulphur dioxide combine to form a 
rather volatile product, and a trace of this will usually be found as a white sub¬ 
limate a little above the lead oxide. The open-tube test is so delicate that 
when a minute particle of a sulphide is used, an acid reaction will be imparted 
to test-paper and usually even the odor of SO, will not escape detection. 

When sulphides of iron, copper, and some other metals are roasted in 
the open tube, the oxides of the metals which are formed during the opera¬ 
tion act as oxidizing agents,oaxHi convert some SO, to SO,, the anhydride of 
sulphuric acid; FCjO,-h SO, = 2FeO-f-SO,. The formation of SO, is 
indicated by white fumes passing up the tube, and some of the SO, derives 
sufficient moisture from the atmosphere to form a little H,SO, which con¬ 
denses as a liquid in the tube. 

2. Oxidation or Roasting onUhareoal.—k-o. excellent method 
for detecting sulphur, but not so delicate as the one just given, is to 
roast the finely powdered sulphide on charcoal according to the di¬ 
rections given on p. 39, and observe the odor of SO,. This test is 
especially recommended for sulphides which contain a great deal 
of sulphur. 

3. Roasting in the Plathmm i^orcey»s.—Some sulphides oxidize 
so readily that, when held in the forceps and heated before the 
blowpipe, they take fire and continue to burn for some time, giving 
a strong odor of SO,. Pyrite, PeS,, and chalcopyrite, CuPeS,,can 
be tested in this way. 

4. Heating in a Closed Tube. —Many sulphides suffer no de¬ 
composition when heated in a closed tube, while others part with 
a portion of their sulphur, which condenses on the walls of the 
tube as a fused sublimate, having a dark amber color when hot, 
changing to pale yellow and becoming crystalline when cold. A 
sulphide of the metal always remains in the tube, and the test, 
although admirable for some sulphides, is not applicable in all 
oases. Owing to the air in the tube, there will always be some 
oxidation and formation of a little SO,, but necessarily this must 
be trifling in amount, since there is no free circulation of the air 
and only about one fifth of it is oxygen. 

Excellent experiments for illustrating the behavior of different sulphides 
may be made by heating fragments of pyrite, FeS,, and galena, PbS, in 
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separate tubes. The first gives an abundant sublimate of sulphur, but 
sulphide of iron, FeS, is left in the tube, as may be proved by removing 
some of the material and roasting on charcoal or in the open tube. The 
galena, on the other hand, gives no sublimate, as there is no excess of 
sulphur above the normal sulphide, PbS. 

5 . Test on Silver after Fusion with Sodium Carbonate, 

a powdered sulphide is mixed with about 3 parts of sodium carbon, 
ate and fused before the blowpipe on charcoal, sodium sulphide wil] 
be formed, owing to the strong chemical affinity of sodium for sub 
phur. If some of the fused mass or of the charcoal into which it 
has been absorbed is placed with a drop of water on a clean silver 
surface, a black stain of silver sulphide will be formed. The test 
is so delicate that, if sodium carbonate is heated alone on charcoal 
before the blowpipe for a long time with a gas dame, and then 
placed upon moistened silver, a slight discoloration may result 
from the traces of sulphur contained in the gas and charcoal, but 
it is not necessary to mistake this slight discoloration for the strong 
reaction given by sulphides. If selenium and tellurium are pres¬ 
ent, the test cannot be relied upon. 

6 . Oxidation and Solution by Means of Nitrto Nitric 

acid, owing to its strong oxidizing action,^ serves as the best solvent 
for sulphides. If hot, concentrated acid is used, there are two pro¬ 
cesses to be considered, which go on simultaneously ; ( 1 ) oxidation^ 
and ( 2 ) solution of the products of oxidation. The dual products 
maybe generally regarded as sulphuric acid and nitrates of the 
metals. For example, pyrite, FeS^, is oxidized to sulphuric an¬ 
hydride, SO 3 , and ferric oxide, Fe^Og, and the first of these com¬ 
bines with water to form sulphuric acid, H^SO,, while the sec¬ 
ond dissolves in the nitric acid to form ferric nitrate, Fe(NOj,),. 
Since the metals oxidize more readily than sulphur, it frequently 
happens that a portion of the latter separates in a free state as 
a spongy mass. This separated sulphur oxidizes very slowly, and is 
yellow if pure, but is frequently black, owing to some undecom¬ 
posed sulphide, which is held mechanically in the sulphur and is 
thus protected from the action of the acid. When a sulphide is 
decomposed with concentrated nitric acid, no volatile sulphur com- 
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founds are formed, but all the sulphur remains either oxidized to 
sulphuric acid or partly separated in the free slate. 

While oxidation is going on, the nitric acid must suffer decom- 
])Osition, but this may take place in different, ways; for example, 
O + 2]Sr024- H,0, or 2 HNO 3 = 30 +2^0 + In either 
case, red vapors of TsTO, will be visible, for, provided the decomposi¬ 
tion takes place according to the last equations, the colorless gas, 
HO, takes on oxygen as soon as it comes in contact with the air, and 
changes to NO,. Since in the solution of sulphides in nitric acid 
there is no certainty regarding the exact manner in which the acid 
will break up in order to bring about the oxidation, it is scarcely 
practical to express the reaction by means of equations, but when 
red fumes of NO, gas are abundantly given off, it is a sure indica- 
cation that oxidation is going on. 


In order to illustrate this, treat about \ ivory spoonful of powdered 
pyrite in a dry test-tube with 3 cc. of concentrated nitric acid, and boil 
until the evolution of red fumes ceases. The red fumes indicate that an oxi¬ 
dation is going on, and, if the experiment is successful, the mineral should 
he completely dissolved. Dilute the solution with 10 cc. of water, mix thor¬ 
oughly, and test the greater part of it in a separate test-tube with a little ba¬ 
rium chloride, when a white precipitate of barium sulphate will be thrown 
down (p. 122, § 1), indicating that sulphuric acid was formed. Dilute the 
remainder of the solution still further with water, divide into 2 poitions, 
and test for ferric and ferrous iron according to p. 85, § 4. By this means 
it may be proved that the metal, as well as the sulphur, has been converted 


into the higher state of oxidation. 

5. To illustrate the separation of free sulphur, and how this is dependent 
upon the character of the minerals, decompose equal portions of pyrite, 
FeS (53.4^ S), and pyrrhotite, Fe,,S„ (38.4^ S), in separate test-tubes 
with nitric acid, and make the conditions of the experiments as nearly alike 
as possible. Observe that the pyrrhotite with the least sulphur is the most 
difSoult to dissolve completely, and that by its decomposition sulphur is 
separated, while the pyrite with the most sulphur dipolves completely. 
A possible explanation of this is that pyrrhotite, which is easily soluble m 
non-oxidizing acids (hydrochloric, for example), with evolution 
first decomposed by the nitric acid, giving H,S, which is mstantly oxidized 
to H,0 + S; while pyrite, which is insoluble in non-oxidizing acids, is oxi¬ 
dized by the concentrated acid without any intermediate formation of E,S.. 


7. Solution in Hydrochloric Acid.—M-ost sulphides are either 
insoluble or difficultly soluble iu hydrochloric acid, but those which 
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dissolve always give hydrogen sulphide gas, H,S. The reaction is 
usually a simple one. FeS + 2HCl = FeCla + HjS. Hydrogen sul¬ 
phide is readily recognized by its offensive odor. 

Treat some finely powdered pyrrhotite, Fe.,S., (almost FeS), in a test- 
tube with 3 cc. of hydrochloric acid, and observe that a gas is evolved which 
has a disagreeable odor. 


SULPHATES. 

Deteotioh.— Either the barium chloride test, or the one on sil. 
ver alter a sulphide has been formed by reduction, may be used 
for the detection of sulphates. The oxidation and roasting proc¬ 
esses used for the detection of sulphur in sulphides cannot be 
applied to sulphates, as they are already oxidized. 

1. Test mth Barium Chloride .—If barium chloride is added to 
a dilute hydrochloric acid solution of a sulphate, a white precip¬ 
itate of barium sulphate, BaSO^, will form, which is almost abso¬ 
lutely insoluble in water and dilute acids, and serves therefore as 
a very delicate test for sulphates. 

If the sulphate proves to be an insoluble one, test according to 
§ 3, or fuse some of it in a platinum spoon with 6 parts of sodium 
carbonate, soak out the fusion with water’, filter, make the filtrate 
slightly gcid with hydrochloric acid, boil, and then test with 
barium chloride. 

Illustrate the foregoing test by dissolving | ivory spoonful of gypsum, 
CaS0,.2H50, in warm, dilute hydrochloric acid, and test the solution with 
a little barium chloride. 

It is always best to dilute the acids before testing for a sulphate, for if 
barium chloride is added to concentrated hydrochloric or nitric acid, barium 
chloride or nitrate, both of which are insoluble in concentrated acids, 
might be thrown down, and mistaken for barium sulphate. They difler 
from the latter, however, in that they dissolve readily upon addition of 
water. 

3. Test on Silver after Reduction to Sulphide .—If a powdered 
sulphate, mixed with an equal volume of charcoal powder and 2 of 
sodium carbonate, is made into a paste with water and fused on 
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platinum wire before tlie blowpipe until effervescence ceases, the 
sulphate will undergo decomposition and reduction, and sodium 
sulphide, Na,S, will be formed. That reduction has taken place 
may be told by removing the bead from the wire, crushing it, and 
placing the material with a drop of water on a clean silver surface. 
Sodium sulphide will thus react with the silver and make a black 
stain of silver sulphide, as follows: Ka^S + 2Ag + H,0 + 0 = 
Ag,S + 2 NaOH. The test is exceedingly delicate (see p. 120 , g o), 
and, although it proves the presence of sulphur in a compound, it 
is not necessarily a test for a sulphate, unless it has been proved 
by a previous oxidizing experiment or by other means that the 
mineral is not a sulphide. 

As an experiment, test barite, BaSO,, as directed above. The reaction 
which goes on during fusion is as follows: BaSO^ + Aa.COg + 20 = Xa^S 
-f BaCOg + 2CO,,. Besides testing on silver, take some of the crushed prod¬ 
uct, resulting from fusioti with sodium carbonate and charcoal, and digest 
it in a test-tube with a few drops of water, then add a few drops of hydro¬ 
chloric acid, and observe tlie odor of tlie escaping liydrogen sulphide gas, 
which will serve as a certain })roof that the snl[)l]ute has been reduced to a 
sulphide. 

3 . Closed-Tuhe Reactions .—The common sulphates, those of 
the alkalies, alkali eartlis, and lead, suffer no decomposition when 
heated in a closed tube, wdiile sulphates of the less basic elements,, 
such as aluminium, iron, and copper, are more or less decomposeck 
yielding sulphuric anhydride, SO 3 , or sulphurous anhydride, SO^, 
or both. As water of crystallization is usnally present in the 
latter compounds, it is also driven off and is made strongly acid 
by the oxides of sulphur (compare p. 82, § 2 ). 

Tantalum, Ta.—Pentavalent. Atomic weight, 182.6. 

OccTJRRENCB.—Tantalum is associated with niobium in the group of 
minerals known as the tantalates and niobates (see Xiobiiim, p. 98). 

Detection.— There are no simple tests for the detection of tantalum, but 
if niobium is found in any compound, it is almost certain that tantalum Is 
also present. Tantalates are characterized by high specific gravities, 
greater than those of the corresponding niobium compounds. 

In order to make a definite test for tantalum, separate the mixed tantalic 
and niobic oxides by fusion with potassium bisnlpbate, and treatment as 



124 


KEACTIOKS OE THE ELEMENTS. 


Tellurium 


directed on p. 99, § 2. Treat tlie oxides in a platinum dish with a little pure 
hydroduoric acid, filter if necessary, and add a little potassium fluoride, 
Evaporate the solution in a water-bath nearly, but not quite, to dryness, dis¬ 
solve the residue in the smallest possible quantity of boiling water, and al- 
low the solution to become cold, when, if tantalum is present, a very char¬ 
acteristic double salt, K/IaF,, crystallizes out in fine needles. The crystals, 
if collected on a filter-paper and dried, have the appearance of wool. It is 
necessary that the hydrofluoric acid should be free from hydrofluosilicic acid 
(alone it should give no precipitate with potassium fluoride), and platinum 
or silver vessels must be used. 

Tellurium, Te.—Usually bivalent in minerals. Atomic weight, 
125. 

Occurrence. —Tellurium is found as the native element, but more 
often it is combined with the metals in tellurides, and it occurs rarely as 
tellurous oxide and salts of tellurous and telluric acids. The tellurides are 
analogous to the sulphides, and some of the more important ones are tetrad- 
ymite, Bi^Te^; hessite, Ag^Te; altaite, PbTe; sylvanite, (Au,Ag)Te 5 ; 
calaverite, AuTe^. Tellurium is the only element with which gold has 
been found in minerals, in chemical combination. 

Detection. —A very delicate test for tellurium or tellurides may be 
made by heating a little of the finely powdered mineral in a test-tube with 
about 5 cc. of concentrated sulphuric acid, when the latter assumes a beauti¬ 
ful reddish-violet color. After cooling, addition of water will cause the 
color to disappeai’, and a grayish-black precipitate of tellurium will be thrown 
down. 

Another test, applicable to all compounds containing tellurium, is to heat 
a mixture of the finely powdered substance with sodium carbonate and a 
little charcoal dust, in a rather large closed glass tube, by which means so¬ 
dium telluride is formed, and after cooling and addition of water, the solu¬ 
tion will assume a reddish-violet color. If a few drops of the solution are 
transferred to a porcelain plate or watch-glass by means of a pipette, the 
color soons disappears, and a gray precipitate of tellurium forms, owing to 
the oxidizing action of the air. The color disappears still more quickly if 
air is blown through some of the solution. 

By heating in the open tube, tellurium and the tellurides are oxidized, 
and yield TeO,, which passes np the tube as a wliite smoke, but mostly con¬ 
denses near the heated part as a white sublimate. On heating the latter, it 
volatilizes very slowly, and fuses into globules, which are yellow when hot, 
and white or colorless when cold. 

Heated in the closed tube, tellurium volatilizes and condenses on the hot 
glass as fused globules having a metallic luster. Accompanying the tellu- 
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rium are white or colorless globules of the oxide, TeO.,, formed from the 
oxidation, due to the air in the tube. 

Heated before the blowpipe on charcoal, telluiTuni is Yolatilized, and con- 
denses near the heated part as a white sublimate of TeO^, somewhat resem¬ 
bling antimony oxide. Some tellurium may escape oxidation, and condense 
as a slight brownish coating distant from the assay. The sublimates Tolatil- 
ize when heated before the blowpipe and impart a pale greenish color to 
the reducing flame. 

Thallium, Tl.—Univalent and trivalent. Atomic weight, 203.6. 

OcoURRENCE.—Thallium is a very rare element, and thus far only two 
minerals containing it in considerable quantity have been observed, crookes- 
ite, (Ou,Tl,Ag),Se, and lorandite, TlAsS^, both of which are exceedingly 
rare. 

DETECTION.—Thallium and its salts are quite volatile when heated be¬ 
fore the blovvpipe, and impart an intense green color to the flame. When 
the thallium flame is examined with the spectroscope, it shows only one 
bright green band. Heated before the blowpipe on charcoal in the reducing 
flame, thallium compounds yield a slight white coating of thallium oxide. 
Heated on charcoal in the oxidizing flame, with potassium iodide and 
sulphur, a yellowish-green coating, resembling lead iodide, is obtained, but 
this may be readily distinguished from the latter by the flame coloration. 

Thorium, Tli.—Tetravalent. Atomic weight, 233. 

The reactions for this rare element are given under Cerium. 

Tin, Sn.—Tetravalent in minerals. Atomic weight, 119. 

OccuRKENTCE.-— Tin is found chiefly as the oxide cassiterite, 
SnO^. Its combinations with sulphur and sulphides of the 
metals, the sulpJiostannaies (stannite, Cu^PeSnS,, and canfieldite, 
AggSnSo), T 2 ij:e. Nordenskioldine is, perhaps, a basic stannate, 
Ca(BO),SnO,. Traces of tin are found in many coliimbates and 
tantalates. 

Detection".— ^Tin is usually detected by the formation of metal¬ 
lic globules by reduction on charcoal. 

1. Reduction on Char coal. — If i ivory spoonful of finely pow¬ 
dered tin oxide is mixed with an equal volume of powdered char¬ 
coal and 2 of sodium carbonate, made into a paste with water, and 
then heated on charcoal in the reducing flame, the tin will be read- 
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ily redHced, and collect into globules, whicli are bright when coy- 
ered with the reducing flame, but become coated with a film of ox¬ 
ide on exposure to the air. If heated intensely before the blow- 
pipe, and for a considerable time, sufiacient tin may volatilize to 
give a rather conspicuous white coating of oxide, SnO,, on the 
charcoal. Tin globules are readily fusible, malleable, and, if cixt, 
they show a white metallic color. If treated with a little, moder¬ 
ately concentrated, warm, nitric acid, they do not dissolve, but are 
oxidized to a white hydroxide (metastannic acid). Tin must not 
be confounded with other elements which give metallic globules 
on charcoal. It may be distinguished from lead and bismuth by 
the absence of a yellow coating of oxide on the charcoal, and from 
silver by the coating of oxide which forms both on the charcoal 
and over the surface of the globules. 

Sodium carbonate and oxide of tin, when heated together with¬ 
out the addition of charcoal i30wder, usually form an infusible 
mass which is very difficult to reduce. 

3. Oxidation with Nitric Acid ,—The action of nitric acid upon metallic 
tin was mentioned in the previous paragraph. Sulphides of tin (the sul- 
phostannates), if pulverized and treated with nitric acid, yield the insoluble 
metastannic acid, and after evaporating off most of the nitric acid and dilut¬ 
ing with water, this may be collected on a filter, washed with water, and 
tested according to § 1. 

3. Detection of Small Quantities of Tin ,—Mix 1 or 2 ivory spoonfuls of 
the finely powdered mineral with G volumes each of sodium carbonate and of 
sulphur, transfer the mixture to a porcelain crucible, cover, and heat gently 
at first, finally for five or ten minutes at a red heat. On cooling, treat the 
fused mass with warm water, which dissolves sodium sulphostannate, while 
most other substances which are apt to he present will be insoluble. Filter, 
and by adding sulphuric acid to the filtrate, imecipitatc the tin as sulphide, 
which will he accompanied by much free sulphiu\ Collect the precipitate 
on a filter, wash several times with water, ignite in a crucible to get rid of 
the free sulphur and the paper, and test the residue before the blowpipe on 
charcoal, according to § 1. If a j)orcelain crucible is not at hand, the fusion 
with sodium carbonate and sulphur may be made in a large bulb tube or 
even in a test-tube. 

When niobates and tantalates are fused with potassium bisulphate and 
treated as directed on p. 99, § 2, the oxides of tin and tungsten remain with 
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the niobic and tantalic oxides, and these may be separated either by the 
Bodium carbonate and sulphur fusion, or by digestion of the moist oxides 
with ammonium sulphMe. After filtering, precipitate the tin and tungsten 
by addition of sulphuric acid, collect the precipitate on a filter, wash, ignite 
and test for tin, as directed in § 1 . ’ 

Titanium, Ti.—Tetravalent and trivalent. Atomic weight, 48. 

Occurrence.— Although usually classed among the rare ele¬ 
ments, titanium is quite common, and is always found in combina¬ 
tion with oxygen. Kutile, octahedrite, and brookite, which are dif¬ 
ferent crystalline forms of TiO,; ilmenite, or titanic iron (a com¬ 
bination of the oxides of iron and titanium); and titanite, CaTiSiO,, 
are the commonest titanium minerals. Some titanium, either in 
the form of ilmenite, titanite, or rutile, is present in most igneous 
rocks. 

Detection.—T itanium may be detected by the salt of phos¬ 
phorus bead, the reduction with metallic tin, or oxidation with 
hydrogen peroxide. 

1. Test with Salt of Pltospliorus .—Oxide of titanium, if dis¬ 
solved in a salt of phosidiorus bead in the oxidizing flame, gives a 
glass wdiich is yellow when hot, and colorless when cold, while in 
the reducing flame the glass is yellow while hot, but on cooling 
assumes a delicate violet color, due to the presence of Ti^O,. Since 
the color is never very intense, and the presence of other sub¬ 
stances which color the bead interferes with it, one of the tests 
given beyond will usually be found more satisfactory. 

No decisive test can be made with borax. 

2. Reduction with iPm.—Most titanium minerals are very in¬ 
soluble in acids, but after fusion with sodium carbonate, they go 
readily into solution in hydrochloric acid, and the solution con¬ 
tains TiCl,. If this acid solution is boiled with a little granulated 
tin, the titanium is reduced to TiCl„ which causes the solution to 
assume a delicate violet color. Other substances with which tita¬ 
nium is apt to occur do not interfere, and the test is quite delicate, 
but if a substance is supposed to contain less than 3 per cent of 
TiO.. the test with hydrogen peroxide is to he preferred. 
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To illustnite tills test, mix ^ ivory spoonful of the fii-iely powdered min- 
eral (rutile or ilrneiiite) with 6 volumes of sodium carbonate, make into a 
paste with water, and fuse before the blowpipe either on platinum wire or 
charcoal. Oxide of titanium, which is an acid anhydride, is decomposed 
readily by sodium carbonate, with formation of sodium titaiiate, TiO^ 
2 ]Sra..OO.. “ -r- .00.. ami the latter is easily dissolved by hydro¬ 

chloric acid. Na/riO^H- 8HC1 = TiCl^d- 4NaCl +- dH^O. Treat the fusion 
in a test-tube with about 5 cc. of strong hydrochloric acid, boil until a 
solution is obtained, filter if necessary, then add .a little granulated tin, and 
boil until the violet color makes its appearance. If the quantity of titanium 
is small, it is necessary to boil the liquid away until only 1 or 2 cc. are left. 
The color is seen best when the acid becomes cold, and the evolution of 
hydrogen ceases. If much titanium is present, sometimes on boiling, a 
portion of it will precipitate as oxide, but enough will always remain in 
solution to give the violet color. 

In testing niobates and tantalates for titanium, it is best to fuse the 
material with borax, as directed on p. 98, § 1, and on dissolving the fusion 
in hydrochloric acid and boiling with tin, the violet color of titanium will 
appear before the blue of niobium. 

3. Test with Hydrogen Peroxide ,—For this exceedingly aefi- 
cate test, the mineral must be dissolved in sulphuric acid, which 
may be accomplished by first fusing with sodium carbonate, as 
previously directed, treating the fusion in a test-tube with 1 cc. of 
concentrated sulphuric acid and 1 cc. of water, and heating until 
the solution becomes clear. When cold, water is added, then some 
hydrogen peroxide, and if titanium is present, the solution becomes 
reddish-yellow to deep amber, depending upon the quantity of the 
titanium in the solution. 

Tungsten, W,—Sexivalent. Atomic weight, 185. 

OcGTJRREisrcB. —Tungsten is the acid-forming element in a group of min¬ 
erals known as the tungstates, the most important of which are wolframite, 
(Fe,Mn)WO,; hubnerite, MnWO,; and scheelite, CaWO,. The element is 
found in small quantity in a number of the niobktes and tantalates. 

Detection. — 1 . When a tungstate is decomposed by boiling with hydro¬ 
chloric acid, an insoluble, canary-yellow, tungstic oxide, WO 3 , is obtained, 
and if after the addition of a little granulated tin, the boiling is continued, 
a blue color is at first obtained (2W0g -1- WO^), and this by further reduction 
finally changes to brown (WOJ. Another very good way to test, after 
having decomposed the mineral with, hydrochloric acid, is to collect the 
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WO 3 on a filter, dissolve some of it in ammonia, acidify with hydrochloric 
acid, which usually causes a white or yellowish turbidity, and then boil 
-with granulated tin. When a blue color has been obtained, dilute with 
water, when it will be found that the color does not disappear (compare Nio¬ 
bium), and that it is due to an insoluble compound suspended in the liquid. 

2 . If the tungstate is insoluble or difficultly soluble in hydrochloric acid 
(wolframite), mix the fine powder with 6 volumes of sodium carbonate, make 
into a paste with water, fuse in a loop on platinum wire, pulverize, and dis¬ 
solve in a test-tube in a little water. The sodium tungstate formed during 
fusion is soluble in water (difference from niobium); it may be separated 
from the bases by filtering, and, on acidifying the filtrate with hydrochloric 
acid and boiling with tin, the blue reduction test may be obtained 

3. In the salt of phosphorus bead in the oxidizing flame, oxide of tung- 
sten gives no color, but in the reducing flame, the bead becomes fine blue. 
The reactions with borax are not satisfactory. 

4. In order to detect the small quantity of tungsten in niobates and 
tantalates, treat the oxides obtained by the potassium bisulphate fusion 
(p. 99, § 2) either with ammonium sulphide or a sodium carbonate and 
sulphur fusion, separate the tungsten exactly as described for tin (p. 126, 
§ 3 ), and then test by the foregoing methods. 

Uranium, U.—Tetravalent and sexivalent. Atomic wei^dit, 
240. 

Occurrence. —This rare element is found as an essential constituent in 
only a few minerals (uranite, gummite, uranosphaerite, torbernite, autun 
ite), while it occurs sparingly in a number of others, especially those con 
taining the rare elements niobium, tantalum, thorium, zirconium, cerium^ 
lanthanum, didjmium, yttrium, and erbium; as fergusonite, samarskite, 
euxenite, and polycrase. 

Detection. — 1* The reactions with the salt of phosphorus head usually 
serve for the detection of uranium. In the oxidizing flame, the oxide is sol¬ 
uble to a clear yellow glass, which becomes yellowish-green on cooling, while 
after heating in the reducing flame, the bead assumes a fine green color. 
With borax, the colors are not so decisive, and are nearly like those of iron, 
being in the oxidizing flame reddish-yellow when hot, fading to yellow 
when cold, and in the reducing flame, very pale green, fading to almost color¬ 
less. 

2 . In the presence of 'other elements which impart color to the fluxesi 
and for the detection of small quantities of uranium in minerals, it is best 
to proceed as follows ; Make a solution in hydrochloric acid (after fusion 
with sodium carbonate, if necessary, as directed under silicates, p. 110, | 4, 
or with borax, as directed under niobates, p. 98, § 1), nearly neutralize the 
excess of acid with ammonia, add solid ammonium carbonate, shake 
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vigorously, and allow the li(^uid to stand for a few minutes. The uranium 
is at first precipitated, but is soluble in an excess of the ammonium carbon¬ 
ate, and by filtering may be separated from a great many elements which 
are precipitated by that reagent. Sometimes there is difficulty in obtainincr 
a clear filtrate, and, if so, a few drops of ammonium sulphide may be added 
with the ammonium carbonate. Make the filtrate containing the uranium 
acid, boil to expel carbon dioxide, add ammonia in excess, collect the precip¬ 
itate containing uranium on a filter, and test it wdth a salt of phosphorus 
bead. In case the precipitate is small, burn the paper containing it in a 
crucible, and test the -residue. 

Vanadium, V.~Usiially pentavalent. Atomic weight, 51.4. 

Occurrence. —Vanadium is a rare element found in the vanadates, or 
salts of vanadic acid, HgVO,, which is closely related chemically to phos¬ 
phoric and arsenic acids. Vanadinite, Pb 4 (PbCl)(VOj 3 , and descloizite, 
Pb(Pb 0 E)V 04 , are the commonest vanadates. 

Detection. —1. Vanadium is usually detected by the color it imparts to 
the fluxes. With borax, in the oxidizing flame, the bead is yellow when hot, 
changing through yellowish-green to almost colorless when cold. In the re¬ 
ducing flame, it becomes dirty green when hot, changing to fine green 
when cold. In the salt of phosphorus bead, the color in the oxidizing flame 
is yellow to deep amber, fading slightly on cooling; while in the reducing 
flame, it becomes an indistinct dirty green when hot, changing to fine green 
on cooling. The amber color with salt of phosphorus, in the oxidizing 
flame, serves to distinguish vanadium from chromium. 

2. To detect small quantities of vanadium, and in cases wliere other sub¬ 
stances are present which impart color to the fluxes, proceed as follows: 
Fuse the powdered mineral in a platinum spoon with about 4 parts of so¬ 
dium carbonate and 2 of potassium nitrate, and digest the fusion with warm 
water, in order to dissolve the soluble alkali vanadate. Filter, acidify the 
filtrate with a slight excess of acetic acid, and add a little lead acetate, 
which will precipitate a pale yellow lead vanadate (lead chromate, p. 70, 
§ 3, is much yellower). Some of the precipitate collected on a filter-paper 
may then be tested with a salt of phosphorus bead. 

Yttrium, Y.—Trivalent. Atomic weight, 89. 

For the reactions of this rare element, see Cerium and the rare earth 
metals (p. 65). 

Zinc, Zn. —Bivalent. Atomic weight, 65.4. 

OccuRREiNCE.—Ziuc occiirs most abundantly as sphalerite, ZnS, 
and in addition to this, smitlisonite, ZnCO^; willemite, Zn 2 Si 041 
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calamine (ZnOH),SiO,; and zincite, ZnO with MnO, occur in suffi- 
cient quantities to be mined as ores of the metal. Zinc is also 
found in a number of other minerals,—franklinite, gahnite, auri- 
chalcite, and in small qnantitj^ in many sulphides. 

Detection.— Zinc volatilizes when heated before the blowpipe, 
and is usually detected by the coating of oxide on charcoal, and 
also by the test with cobalt nitrate and the flame coloration. 

1. Reduction of Zinc to the Metallic State and Formation of a 
Goating of Oxide.—The best method for the detection of zinc is as 
follows : Mix the finely powdered mineral with about i volume of 
sodium carbonate, and make into a paste with water. A little 
of this mixture is then taken up in a small loop on fine plat¬ 
inum wire and heated intensely, holding the loop about 10 mm. 
from a piece of charcoal, somewhat as represented by Fig. 49. An 
intense heat and strong reducing 
action are necessary to bring about 
reduction to the metallic state and 
volatilization of the zinc. The 
metal thus volatilized takes oxy¬ 
gen from the air and collects as a 
coating of ZnO, which is pale 
canary-yellow when hot and white 
when cold. The coating is near 
where the heat strikes the char¬ 
coal, and is not volatile in the 
oxidizing flame. If the coating is made to deposit on a piece of 
charcoal previously moistened with cobalt nitrate, the zinc oxide 
will have a green color which is especially characteristic. 

For a proper understanding of this test it must be borne in 
mind that the method demands the reduction of zinc to the metal¬ 
lic state, but no globules form, for, as fast as reduced, the metal 
volatilizes. 

From many compounds, zinc may be reduced, and the coating 
of oxide obtained without the use of a flux, when a fragment of 
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tlie mineral (about 2 mm. in diameter) is heated very hot on char- 
coal in a reducing flame, but some skill in manipulating the flame 
is needed in order that the fragment shall not be blown away. 
A good way to make the test is to take the fragment in the plat¬ 
inum forceps, and holding the latter against a piece of charcoal so 
that the assay is about 5 mm. from the surface, heat at the tip of 
the blue cone, as shown in Fig. 49. 

In order to make a zinc oxide coating on charcoal, mix finely pow¬ 
dered calamine, (Zn. 011 ) 58103 , with volume of sodium carbonate, take 
up in a small loop on platinum wire and heat intensely, as directed. In this 
experiment the sodium carbonate answers a double purpose: it serves to 
hold the material on the platinum wire, and also to decompose the silicate, 
forming sodium silicate, thus setting free zinc oxide, which may be readily 
reduced. (Zn. 0 H) 5 Si 0 g + Na^COg = 2ZnO + NagSiOg + CO 5 + HgO. 

h. In order to produce the coating of zinc oxide without the use of a 
flux, experiment with fragments of smithsonite or sphalerite. With the lat¬ 
ter mineral, the oxygen of the air converts ZuS to ZnO, and by the reducing 
action of the flame, zinc oxide is changed to metallic zinc. 

Note. —In the presence of lead, bismuth, cadmium, or antimony, which 
also give coatings of oxide on charcoal, the test for zinc witli cobalt nitrate 
should not be made until the coating has been heated for some time in the 
oxidizing flame, in order to volatilize the oxides of the metals mentioned. 

In the presence of much tin, it is difficult to recognize zinc with cer¬ 
tainty by the reaction on charcoal, as tin also gives a white coating of oxide, 
which when ignited with cobalt nitrate gives a bluish-green color. If, how¬ 
ever, the mineral is decomposed by nitric acid (stannite), the test may he 
made as follows : Treat with nitric acid, and separate the tin according to p. 
126, § 2 , then to the filtrate add solid sodium carbonate until the acid is 
neutralized, and a permanent-precipitate forms, heat to boiling, filter, and 
wash once with water. The precipitate will contain all the zinc, and prob¬ 
ably basic carbonates of other metals, and a portion of it, mixed with sodium 
carbonate, may he tested on charcoal for zinc. 

2. Flame Test —From some minerals, metallic zinc is produced 
by heating in the platinum forceps in a strong reducing Jlame^ aud 
the metal, as it volatilizes and passes into the air, burns with a 
vivid, pale, bluish-green light, appearing usually as streaks in the 
outer part of the flame. The experiment does not succeed well 
when too small a fragment is used, and it is best to take one 
about 3 mm. in diameter. 
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Experiments may be made with smithsonite and sphalerite. When the 
former is used, the zinc carbonate changes readily to oxide, and, by reduc- 
•tion, metallic zinc is slowly formed. With sphalerite, the assay must be first 
converted by oxidation to zinc oxide, and then by reduction to metallic zinc, 
but usually a point can be found a little beyond the blue cone of the blow¬ 
pipe flame, where oxidation and reduction go on simultaneously, and a con- 
tinuous zinc flame can be maintained. 

3. Heating with Cobalt Nitrate, Co(NO,),.—Some zinc minerals, 
when moistened with cobalt nitrate and heated, assume a green 
color, but this simple test can be applied only to infusible, white or 
light-colored compounds or those which become so on ignition. 
In making the test, a fragment held in the platinum forceps may¬ 
be used, but it is usually better to make the finely powdered min¬ 
eral into a paste with cobalt nitrate, and then to heat on charcoal 
in an oxidizing flame. 

Silicates of zinc, when similarly treated, usually show a blue 
color, owing to the formation of a fusible cobalt silicate. If an 
experiment is made with a large fragment of calamine, it will some¬ 
times show blue where the heat was most intense, and green at 
other parts. 

4. Change of Color upon Heating.—TYie presence of zinc is often 
indicated by the change of color of the assay when heated ; i.e., to 
straw or p)ale canary-yellow when hot, becoming white ivhen cold. 
This test can, of course, be applied only to compounds which are 
white or light-colored. 

Zirconium, Zr.—Tetravalent. Atomic weight, 90.7. 

OccuEEENCE.—Although a rare element, zirconium is found abundantly 
in some regions, especially as zircon, ZrSiO,, which, in small quantities, is 
almost an unfailing constituent in granites and rocks rich in alkalies. It- is 
found in a number of rare minerals, examples of which are baddelyite, ZrO,, 
eudialyte, catapleiite, wohlerite, polymignite, etc. 

Detection. —Zirconium gives no very characteristic tests which serve for 
its quick and sure identiflcation. A solution must first be obtained, which 
usually is accomplished by fusing with sodium carbonate, and treatment as 
directed under silicates (p. 110, § 4). The decomposition, however, is not 
complete, and usually only a portion of the zirconium will be obtained in 
solution. The simplest test is with turmeric-paper, which, when placed in a 
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hydrochloric acid solution containing zirconium, assumes an orange color. 
As the color is not Tcry marked, it is best to make a comparison by taking 
two test-tubes, one containing turmeric-paper wet by the solution containing 
zirconium, and the other a paper wet by acid of about equal strength. 

Ammonium, sodium, and potassium hydroxide throw down zirconium 
hydroxide as a bulky, gelatinous precipitate, insoluble in an excess of so- 
dium and potassium hydroxides, thus differing from aluminium and beryl- 
lium The precipitate is filtered, washed with water, dissolved in a little 
hydrochloric acid, the solution evaporated until only a drop or two of the 
acid remains, the residue dissolved in water, and oxalic acid added, when, if 
rirconium alone is present, either no precipitate forms, or, if it does form, it 
<roes almost immediately into solution (difference from the rare earth metals, 
cerium, lanthanum, etc., p. 65). A portion of zirconium hydroxide found 
bv the previous test to contain no rare earth metals, or separated from them 
by means of oxalic acid, may be scraped from the filter-paper, and dissolved 
in the least possible amount of dilute sulphuric acid ; to the solution, pot- . 
assium hydroxide is then added until a precipitate forms, afterwards dilute 
sulphuric acid is added a drop at a time, until the solution clears (if care¬ 
fully done the liquid at this point will be nearly neutral, and the volume 
should be small); finally, a little more than an equal volume of a boiling, 
saturated solution of potassium sulphate is added, which on standing pre¬ 
cipitates a double zirconium potassium sulphate as a white powder, and 
serves as a characteristic test for zirconium, although the precipitation is not 
complete. If the precipitate is filtered, and washed with a cold and satu¬ 
rated solution of potassium sulphate, then dissolved in warm hydrochlorie 
acid, pure zirconium hydroxide may be precipitated by means of ammonia. 
On ignition, zirconium hydroxide yields the oxide ZrO,, and this, if pulver¬ 
ized, mixed with cobalt nitrate, and ignited before the blowpipe on charcoal, 
assumes a lavender or bluish slate-color. 
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tabulated arrangement of the more important blowpipe and 

CHEMICAL REACTIONS. 

This chapter is intended to be used especially for the interpre¬ 
tation of unknown reactions which are encountered in blowpipe 
analysis. The tests, if made in the order given below, will serve as 
a systematic course of qualitatwe Uowpipe analysis in examining 
unknown substances. 

A. Heating in the platinum forceps: Flame coloration, p. 135. 

B. Heating in the closed tube, p. 137. 

C. Heating in the open tube, p. 140. 

D. Heating on charcoal, both with and without fluxes, p. 142. 

E. Treatment with cobalt nitrate, p. 146. 

P. Fusion with the fluxes on platinum wire: Borax, p. 148; 
phosphorus salt, p. 149 ; and sodium carbonate beads, p. 1.51. 

G. Treatment with acids, and reactions with the common 

reagents, p. 151. 

A Heating in the Platinum Forceps : Flame Coloration. 

Suggestions concerning the use of the platinum foiceps and the 
methoTs of heating substances in them have been given in Chapter 
H, p. 15. In testing minerals, any change which the material 
undergoes should be carefully noted, but for the identification of 
the elements, flame colorations are the most important. The colors 
may often be obtained best by heating on platinum wire, as sug¬ 
gested on p. 35. 

If a black, magnetic globule or mass is obtained after heating 
in the reducing flame, it usuaUy indicates iron, less often cobalt 

loO 
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or nickel. If tke mass left in tke forceps after heating before 
the blowpipe gives an alkaline reaction when placed on mois¬ 
tened turmeric-paper, it indicates the presence of an alkali or 
alkaline earth; as sodium, potassiwm, calcium, strontium, barium, 
and possibly magnesium. 

TABLE OF FLAME COLORATIONS. 


Color. 

8hade or 
Tone. 

Element. 

Remarks. 

Red. 

Crimson. 

Lithium. 

The lithia minerals, which are either silicates 
or phosphates, do not become alkaline after 
ignition (difference from strontium). 

Red. 

Crimson. 

Strontium. 

Carbonates and sulphates show the reaction, 
and become alkaline after ignition. Silil 
cates and phosphates do not give the stron¬ 
tium flame. 

Red. 

Yellowish 
Ito orange. 

Calcium. 

Only a few minerals give this color decisively 
when heated alone. Often, however, the 
color shows distinctly after moistening the 
assay with hydrochloric acid. 

Yellow. 

-—— 1 

Intense. 

Sodium. 

This test is so delicate that great care must be 
exercised in using it (compare p. 115). 

Green. 

Yellowish. 

Barium. * 

Carbonates and sulphates show the reaction, 
and become alkaline after ignition. Sili¬ 
cates and phosphates do not give the barium 
flame. 

Green. 

Yellowish. 

Molybdenum. 

If in the form of oxide or sulphide. 

Green. 

Bright, 

somewhat 

yellowish. 

Boron. 

The test with turmeric-paper in hydrochloric 
acid solution is decisive. The componnds 
rarely show an alkaline reaction after igni¬ 
tion. 

Green. 

Pare. 

Thallium. 


Green. 

Emerald. 

Copper oxide 
and iodide. 

After moistening the assay with hydrochloric 
acid, the flame appears azure-blue, tinged 
with green. 

Green. 

Pale bluish. 

Phosphorus. 

The color is not very decisive, but often aids 
in the identification of a phosphate. 

Green. 

Bluish. 

Zinc. 

Appears usually as bright streaks in the 
flame. 

Green. 

Pale. 

Tellurium. 

Antimony, 

Lead. 
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TABLE OP FLAME COLORATIONS.— Oontinued. 


Color. 

Shade or 
Tone. 

Element. 

Remarks. 

Blue. 

Azure. 

Copper chlo¬ 
ride. 

The outer darts of the flame are tinged with, 
emerald-green. 

Blue. 

Azure. 

Selenium. 

Accompanied by a characteristic odor. 

Blue. 

Pale azure. 

Lead. 

Perceptibly tinged with green in the outer 
parts. 

Blue. 


Indium. 


Blue. 

Pale. 

Arsenic. 


Blue. 

Greenish. 

Phosphorus. 

Antimony. 


Violet. 

Pale. 

Potassium. 

Rubidium. 

Caesium. 



B. Heating in the Closed Tube. 

Closed tubes and the nature of the reactions which may be ob¬ 
tained in them have been explained on p. 18. The phenomena 
which are to be especially observed are as follows : 

a. Change in the condition or appearance of the assay. 

5. The formation of gases which collect in the tube. 

c. The formation of sublimates, liquid or solid, which condense 
on the cold walls of the tube. 

a. Change in the Condition or Appearance of the Assay. 

1. Fusion. —Only substances which melt very easily, below 1| 
in the scale of fusibility, fuse in the closed glass tube. 

2. Decrepitation.— Fragments of decrepitating minerals (com¬ 
pare p. 34) snap and explode, and often break up into very fine 
powder or dust. 

3. Phosphorescence and Glowing. —Some minerals when 
heated to a temperature below redness emit a bright, often beau¬ 
tifully colored light, which may continue for a considerable time. 
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and is seen best in a dark room. A very few minerals glow, as if 
they had taken fire. 

4. Change of Color.— Materials often change color after 
heating, owing to decomposition. Again, without any change in 
chemical composition, some substances when hot assume colors 
which are different from those they have when cold. The changes 
are very numerous, and only a few of the more important are given. 


TABLE GIVING CHANGE OF COLOB IN SUBSTANCES WHEN HEATED 
IN THE CLOSED TUBE. 


Original Color. 

Color after Heating. 

Substance. 

Bemarks. 

Hot. 

Cold. 

Green or blue. 

Black. 

Black. 

Copper minerals. - 

These changes usually 
occur when oxides of 
j the metals result from 
the decomposition due 
to heating. 

Green or brown. 

Black. 

Black. 

Iron minerals. 

Pink. 

Black. 

Black. 

Manganese and 
cobalt minerals. 

Dark red. 

Black. 

Dark red. 

Ferric oxide. 

White or color¬ 
less. 

Dark yel¬ 
low to 
brown. 

Pale yellow 
to white. 

Lead and bis¬ 
muth minerals. 

White or color¬ 
less. 

Pale cana¬ 
ry-yel¬ 
low. 

White. 

Zinc minerals. 


J. The Formation of Gases wMcTi Collect in the Closed Tube. 

1. Carbon Dioxide, CO,.—Colorless and odorless. May be 
identified by introducing a drop of barium hydroxide into the 
tube (p. 64, § 2). Obtained from most carbonates. 

2. Sulphur Dioxide, SO,.—Colorless, with strong, pungent 
odor. It is further characterized by the acid reaction it imparts to 
moistened blue litmus-paper. Formed from the decomposition of 
some sulphates, and in small quantities, also, when sulphides are 
heated, owing to the air in the tube. 

3. OxTGBN, 0.—Colorless and odorless, but may be detected as 
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described on p. 100, § 1. Formed when some higher oxides, 
especially those of manganese, are heated. 

4. Ammonia, NH,.—Colorless, with characteristic odor. 

5. Hydrofluoeic Acid, HF.-Colorless, with pungent odor, 
etching of the glass, and strong acid reaction. From compounds 
containing fluorine with hydroxyl (p. 77, § 5). 

6. Nitrogen Dioxide, NO,.—Ked vapors, with pungent odor. 
From nitrates. 

7. Bromine, Br.—Red vapors, with pungent odor. 

8. Iodine, I.—Violet vapors, often accompanied by crystals of 
iodine. 

9. Brown Smoke, accompanied by dark distillation products 
and empyreumatic odor. Organic material. 


c. The Formation of Sublimates which Condense on the Walls 

of the Tube. 

TABLE OF SUBLIMATES PRODUCED IN THE CLOSED TUBE. 


Color and Cou dilion. 

1 

Substance. 

Remarks. 

Hot. 

Cold. 



Colorless liquid; 
easily volatile. 

Colorless liquid. 

Water, HaO. 

From all minerals containing 
water of crystallization and 
hydroxyl. Neutral if pure, 
but may be acid from hydro- 
1 fluoric, sulphuric, and hy- 
1 drochloric, or other volatile 
acid. Rarely alkaline from 
ammonia. 

Pale yellow to 
colorless liquid; 
difficultly vola¬ 
tile. 

Colorless to white 
globules. 

Tellurous oxide, 
TeOa. 

From tellurium and a few of its 
compounds. 

Red to dark yel¬ 
low liquid; 

readily volatile. 

Yellow^ and crys¬ 
talline solid; 
nearly white 
when in small 
quantity. i 

Sulphur, S. 

From native sulphur and some 
sulphides (p. 119, §4). 


Continued, 
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table of sublimates PEODOCED in the closed tube.— Continued. 


Color anti Condition. | 

Substance. 

Remarks. 

Hot. 

Cold. 



Deep red, almost 
black liquid; 
readily volatile. 

Reddish-yellow, 1 
transparent 
solid. 

Sulphides of ar¬ 
senic. 

From realgar, AsS, orpiment, 
AsaSs, and some compounds 
containing sulphur and ar¬ 
senic, the sulpharsenites. 

Black; difficultly 
volatile, solid. 

Reddish-brown. 

Oxysulphide . of 
antimony, 
SbaOSa. 

From sulphide of antimony and 
some of its compounds with 
metallic sulphides, the sulph- 
antimonites. 

Brilliant black, solid ; often gray 
and crystalline near the heated 
end. 

Arsenic, As. 

From native arsenic and some 
arsenides. If the tube is 
broken off below the deposit 
and the arsenic volatilized, 
the characteristic garlic odor 
may be obtained. 

Brilliant black, solid. 

Sulphide of mer¬ 
cury, HgS. 

If a little of the sublimate is 
removed and rubbed very 
fine, it yields a red powder. 

Black fusible globules. The 

smallest ones transmit a reddish 
light. 

Selenium, Se. 

From selenium and some sele- 
nides. Usually accompanied 
by crystals of selenious 
oxide, SeOij. 

Black fusible globules. 

Tellurium, Te. 

From tellurium and some tel- 
lurides. Usually accompanied 
by fused globules of tellurous 
oxide, TeOa. 

Gray metallic globules, which may 
be united by rubbing with a 
strip of paper. 

Mercury, Hg. 

From native mercury and 
amalgams. 

Vhite, solid. 

Chlorides of lead 
and antimony. 
Oxides of arsenic 
and antimony. 
Ammonia salts. 

' 


C. Heating in the Open Tube. 

Open tubes, tbe metbods of manipulation, and tbe nature oi 
tbe reactions wMcb may be obtained in them, have been explained 
an p. 18. The phenomena which are to be especially observed 
are as follows: 
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a. Odors. 

The formation of sublimates which condense on the walls of 
the tube. 

0 . The character of the residues, 

a. Odors. 

1. Odok of Burning Sulphur.— Very strong and pungent, 
due to oxidation and formation of sulphurous anhydride, SO.. A 
piece of moistened, blue litmus-paper placed in the upper end of 
the tube is reddened, owing to the acid character of SO,. If prop¬ 
erly oxidized, no sublimate of sulphur is formed. The test is 
exceedingly delicate, and is useful for the identification of sul¬ 
phides. 

2. Garlic Odor. —Observed when arsenic is driven off rapidly 
from its compounds, and is not completely oxidized. 

3. Odor of Selenium.— A peculiar odor, learned only by ex¬ 
perience. Obtained when selenium is volatilized from its com¬ 
pounds and not wholly oxidized. 

4. Odor of Osmic Oxide.— Very pungent. 

h. Suhlimates. 


TABLE OF SUBLIMATES PRODUCED IN THE OPEN TUBE. 


Color and Character. 

Substance. 

Remarks. 

Black; volatile. 

Arsenic and sulphide 
of mercury. 

These sublimates frequently result from 
too rapid heating of minerals contain¬ 
ing arsenic, mercury, antimony, and 
sulphur, but they will not form if the 
open-tube test is made properly, with 

Brown. 

Oxysulphide of an¬ 
timony. 

Yellow or orange; 
easily volatile. 

Sulphur and sul¬ 
phides of arsenic. 

sulGScient draft, so that the oxidation 
is complete. 

Bed; volatile. 

Selenium, Se. 

Often accompanies selenious oxide (see 
below). 

Pale yellow when 
hot; white when 
cold. 

Molybdenum triox¬ 
ide, MoOs. 

! 

Forms slowly when molybdenum oxide 
or sulphide is heated, and collects near 
the assay as a network of delicate crys¬ 
tals. 


Continued. 
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TABLE OE SUBLIMATES PRODUCED IN THE OPEN TUBE. — Gontintied. 


Color and Character. 

Substance. 

Remarks. 

White; readily vol¬ 
atile and crystal¬ 
line. 

Arsenioiis oxide, 

ASaOa. 

The sublinaate forms as a ring, and wh^ 
it deposits on the warm glass it is 
distinctly crystalline (octahedrons). 

White; readily vol¬ 
atile and crystal¬ 
line. 

Selenious oxide, 

SeOa. 

The sublimate usually appears as radi¬ 
ating, prismatic crystals, often ac¬ 
companied by a little finely divided 
selenium, which is red. 

White to pale yellow 
globules; slowly 
■ volatile. 

Tellurous oxide, 

TeOs. 


White; slowly vol¬ 
atile and crystal¬ 
line. 

Antimonious oxide, 
SbaOa. 

Obtained from antimony and its com 
pounds, which do not contain sulphur 
The sublimate consists of two kinds oI 
crystals, octahedrons, resembling 
AssOs, and prisms. 

Pale straw - yellow 
when hot; white 
when cold; in¬ 
fusible, non-vol¬ 
atile, and amor¬ 
phous. 

Antimonate of anti¬ 
mony, SbaOi. 

Obtained from sulphide of antimony and 
sulphantimonites, as a dense white 
smoke, which passes up the tube and 
settles mostly on the under side. This 
sublimate is usually accompanied by 
the vohatile one of Sb203. 

White; non-volatile 
and infusible. 

Sulphite and sul¬ 
phate of lead. 

Obtained from sulphide of lead as a 
slight deposit, collecting mostly on the 
lower side of the tube near the assay. 

Gray metallic glob¬ 
ules; volatile. 

Mercury, Hg. 

By rubbing the minute globules with a 
strip of paper, they may be made to 
unite. 


e. The Character of the Residue. 

The residue left after heating in an open tube is usually an 
oxide, and if saved, it may often be found very useful, especially 
for treatment with the fluxes on platinum ■wire or reduction 
on charcoal. 


D. Heating on Charcoal. 

Suggestions concerning the use of charcoal, and the manner in 
which tests should be made, have been given on p. 39. The 
phenomena which are to be especially observed are: 
a. Odors. 
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b. Sublimates. 

c. The formation of metallic globules or of a magnetic mass, 


a. Odors. 

1. Odoe of Buening Sulphee.— Obtained by roasting sul¬ 
phides in the oxidizing flame. 

2. Odoe of Gaelic. —Obtained by heating native arsenic and 
arsenides in the reducing flame. 

3. Odoe of Selenium. — A peculiar odor, which mast be 
learned by experience. Obtained when selenium is volatilized 
from its compounds in the reducing flame. 

b. Sublimates. 

TABLE OF SUBLIMATES PEODUCED ON CHAECOAL. 


Color and Character. 

Substance. 

Remarks. 

Near the Assay. 

Distant from 
the Assay. 

“White; very vol¬ 
atile, and 

mostly distant 
from the assay. 

White to gray¬ 
ish. 

Arsenious ox¬ 
ide, ASaOs. 

Obtained when arsenic, its sul¬ 
phides, and the arsenides are 
roasted in the oxidizing flame. 
Often the garlic odor is pro¬ 
nounced. 

Steel-gray ; faint 
metallic luster, 
and very vola¬ 
tile. ! 

White, frequent¬ 
ly tinged] 

wdth red. 

Selenious oxide, 
SeOa. The 

red is Se. i 

Obtained by roasting selenides in 
the oxidizing flame. The sub¬ 
limate when touched with the 
reducing flame imparts an aznre- 
blue color to the flame. The 
selenium odor is pronounced. 

White; very vola¬ 
tile and mostly 
distant from the 
assay. 

White and not 
very pro¬ 

nounced. 

Oxide of thal¬ 
lium, TlaO. 

The sublimate heated in the re¬ 
ducing flame volatilizes, and 
imparts a green color to the 
flame. 

Dense white; vol¬ 
atile. 

Gray, some¬ 

times slightly 
brownish. 

The white is 
tellurous ox¬ 
ide, TeOa. The 
gray is Te. 

The sublimate heated in the re¬ 
ducing flame volatilizes, and 
imparts a green color to the 
flame. 


Continued. 
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TABLE OF SUBLIMATES PRODUCED ON CHARCOAL.— Continued. 


Color find Character. 





Substance. 

Remarks. 

Near the Assay. 

Distant from 
the Assay. 

Dense white; vol¬ 
atile, and de¬ 
posits quite 

near the assay. 

Bluish. 

Oxides of anti¬ 
mony, SbsOa 
and Sb204. 

Obtained when antimony and. its 
oxides and sulphides are roasted 
in the oxidizing llame. 


White coatings may also result from the volatilization of a variety of compounds, 
especially chlorides of copper, lead, mercury, ammonium, and the alkalies. 


Oanary - yellow i 
when hot; white 
when cold. Not 
volatile in the 
oxidizing flame. 

Faint white. ' 

Oxide of zinc, 
ZiiO. 

By heating some zinc minerals in 
the reducing flame, metallic zinc 
is produced, whicli volatilizes, 
becomes oxide, and condenses 
on the coal. If the coating is 
moistened with cobalt nitrate 
and ignited, it becomes green. 

Paint yellow to 
white when hot; 
white when 

cold. Not vol¬ 
atile in the oxi¬ 
dizing flame. 

Paint white. 

Oxide of tin, 
SnOa. 

j 

The coating moistened with cobalt 
nitrate and ignited assumes a 
bluish-green color. 

Pale yellow when 
hot; white when 
cold; sometimes 
distinctly crys¬ 
talline. Vola¬ 
tile in the oxi¬ 
dizing flame. 

Bluish. 

Oxide of mo¬ 
lybdenum, 
MoOa. 

The coating if touched for an in¬ 
stant with the reducing flame 
assumes a beautiful aznrr-blue 
color. A copper-red sublimate 
of M0O2 deposits nearer the 
assay than the M0O3 coating. 

Yellow when hot; 
straw - yellow 
when cold. Vol¬ 
atile in both 
the oxidizing 
and reducing 
flames. 

Dense white, 
with bluish- 
white border. 

A mixture of 
oxide, sul- 
pliite, and 

sulphate of 
lead. 

This sublimate, strongly resem¬ 
bling that of antimony, forms 
wdien galena and other sulphides 
of lead are heated very hot on 
charcoal. 

Dark yellow when 
hot; sulphur- 
yellow when 
cold. Volatile 
in both the oxi¬ 
dizing and re¬ 
ducing flames. 

. Bluish-white. 

Oxide of lead, 
PbO, 

The coating w’-hen moistened with 
hydriodic acid and heated is 
changed to volatile, yellowish- 
green lead iodide. 
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TABLE OF SUBLIMATES PRODUCED ON CHARCOAL.— Continued. 


Color and Cbaracler. 

Substance. 

Remarks. 

Near the Assay. 

Distant from 
the Assay. 

Dark orange-yel-' 
low when hot; 
orange - yellow 
when cold. Vol¬ 
atile in both 
the oxidizing 
and reducing 
flames. 

G-reenish-white. 

Oxide of bis-' 
muth, BiaOa. 

The coating when moistened with 
hydriodic acid and heated is 
changed to volatile, chocolate- 
brown bismuth iodide. 

Dark, almost 

black; changing 
in short dis-' 
tance to red¬ 
dish - brown. 
Volatile in both 
the oxidizing 
and reducing 
flames. 


Cadmium ox-' 
ide, OdO. 

When it forms a very thin deposit, 
the coating often shows an iri¬ 
descence resembling peacock 
colors. 

Keddish to deep 
lilac. 


Silver when ac¬ 
companied bj 
lead and anti 
mony. 

■ Pure silver w’hen heated alone on 
r charcoal for a long time gives a 

■ slight brownish coating. 


c. The Formation of MetaUlc Globules or of a MagnetiG 

Mass., etc. 

In order to obtain metallic globules, the powder is usually 
mixed with sodium carbonate, and heated in the reducing flame. 

1. G-old.— Rather easily fusible; bright when hot and cold; 
no coating on the charcoal; color, yellow ; malleable. 

2. Silver.— Rather easily fusible ; bright when hot and cold ; 
no conspicuous coating on the charcoal; color, white ; malleable. 

3. Copper.— Fusible at a rather high heat; bright when in the 
reducing flame, but oxidizing and becoming black on exposure to 
the air ; no coating on the charcoal; color, red; malleable. 

4. Lead.— Easily fusible; bright when in the reducing flame, 
but oxidizing on exposure to the air; a yellow coating of oxide of 
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lead deposits on the charcoal; the metal has a lead-gray color, 
and is soft and malleable. 

5. Bismuth.— Easily fusible; bright when in the reducing 
flame, but oxidizing on exposure to the air; a yellow coating of 
oxide of bismuth deposits on the charcoal; the metal has a lead- 
gray color, and is brittle, although it may at first flatten to some 
extent when hammered. 

6. Tin.—E asily fusible; bright when in the reducing flame, 
but oxidizing on exposure to the air; a white coating of oxide of 
tin deposits on the charcoal if the globule is heated intensely; 
the metal has a white color, and is soft and malleable. 

7. Easily Fusible Globules with metallic luster, bright 
when in the reducing flame, but tarnishing on exposure to the ah, 
are frequently obtained when combinations of the metals with 
sulphur, arsenic, or antimony are heated on charcoal. These 
globules of sulphide, arsenide, or antimonide of the metals may 
usually be distinguished from pure metals by their brittleness. 

8. Magnetic Globules or a magnetic mass will be obtained 
when substances containing iron, less often cobalt and nickel, are 
fused with sodium carbonate on charcoal. 

9. Alkaline Reaction. —Provided sodium carbonate has not 
been used as a flux, a mass or residue, which, after strong igni¬ 
tion, gives an alkaline reaction when placed upon moistened 
turmeric-paper indicates one of the alkalies or alkaline earths; 
as sodium, potassium, calcium, strontium, harium, and possibly 
magnesium. 

10. Blackens Silver. —After fusion with sodium carbonate 
in the reducing flame and placing upon a clean, moistened silvei 
surface, if a black stain is produced, it indicates some compound 
of sulphur (p. 119, § 5, and p. 133, § 3). 

E. Treatment wtth Cobalt Fiteate. 

The method of testing with cobalt nitrate has been given on 
p. 39. It is applicable only to infusible and light-colored com¬ 
pounds, and is especially useful in detecting zinc and aluminium. 
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TABLE OF KEACTIONS WITH COBALT NITKATE. 


Color. 

Substance. 

Remarks. 

Pale pink or flesh- 
color. 

Magnesia, MgO, and salts 
containing it. 

The color is obtained only when very 
pure compounds are tested, and is 
not very decisive. 

Green; seen best 
when cold. 

Oxide of zinc, ZnO, and 
compounds containing 
it. 

The test may be applied to fragments 
of minerals or to the coating of 
zinc oxide on charcoal. 

Bluish-green. 

Oxide of tin, SnOa. 

Observed when a coating on charcoal 
is tested. 

Ultramarine-blue. 

Aluminium oxide, AI2O3, 
and compounds contain¬ 
ing it. 

About the best test for aluminium, 
but must not be mistaken for 
silicate of zinc. 

Ultramarine-blue. 

Silicates of zinc. 

Due to a fusible silicate of cobalt. 

Dirty green. 

Oxide of antimony. 

1 

1 These colors are rather indistinct, 
j" and not very satisfactory. 

1 

Yellowish-green. 

Oxide of titanium. 

Violet. 

Oxide of silicon, quartz. 

Lavender. 

Oxide of beryllium. 


F. Fusion with the Fluxes on Platinum WiPvE. 

These tests may be divided into three heads as follows: 

a. Fusion with borax. 

5. Fusion with salt of phosiihorus. 

c. Fusion with sodium cai'bonate. 

It should be borne in mind that the colors given in the follow¬ 
ing tables are those which the ptore oxides of the metals yield 
when dissolved in the fluxes, but it would be almost impossible to 
tabulate all the varieties of color given by mixtures of the oxides. 
If a substance which is to be tested is not an oxide, it may be 
frequently brought into that condition by roasting on charcoal or 
in an open tube. 

Too much pains cannot be taken in making the beads of suit¬ 
able size, about 3 mm. in diameter, introducing the proper amount 
of material into them, and heating successfully both in the oxidiz¬ 
ing and reducing flames. Suggestions about making beads and 
fusing substances in them have been given on pp. 16, 24, and 25. 
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a. Fusion with Boeax on Platinum Wire. 


TABLE OP REACTIONS OBTAINED WITH BORAX. 


Oxidiziu^ Blame, 

Amount 

of 

Material. 

1 

produced by 

Reclucag Flame. 

Hot. 

Cold. 

Hot. 

Cold. 

Colorless. < 

Dolcrless. ] 

Little or< 
much. 

Oxides of silicon, al-' 
uminium, and tin. 

Colorless. < 

Colorless. 

Colorless. < 

Dolorless or ^ 

opaque white, 
depending up¬ 
on the degree 
of saturation. 

Little or< 
much. 

Oxides of calcium, 
strontium, barium, 
magnesium, beryl¬ 
lium, zinc, yttrium, 
lanthanum, tliori- 
ura, zirconium, 

tantalum, and co¬ 
in rabi urn. 

Colorless. < 
1 , 
1 ’ 

Colorless or 
opaque white, 
depending 
upon the de¬ 
gree of satu^ 
ration. 

Pale yellow. 

Colorless or 

white. 

Much. 

Oxides of lead, an¬ 
timony, and cad¬ 
mium. 

Pale 

yellow. 

Colorless. 

Pale yellow. 

Colorless or 

white. 

Much. 

Oxide of bismuth. 

Gray. 

Gray. 

Pale yellow. 

Colorless or 

white. 

Much. 

Oxide of molybde¬ 
num. 

Brown. 

Brown. 

Pale yellow. 

Colorless or 

white. 

Medium. 

Oxide of tungsten. 

Yellow. 

Yellow to yel¬ 
lowish brown. 

Pale yellow. 

Colorless or 

white. 

Medium. 

Oxide of titanium. 

Grayish. 

Brownish- 

violet. 

Yellow. 

Nearly color¬ 
less. 

Little. 

Oxides of iron and 
uranium. 

Pale green. 

Nearly color¬ 
less. 

Yellow. 

Pale yellow. 

Little. 

Oxide of cerium. 

Colorless. 

Colorless. 

Yellow. 

Yellowish- 

green. 

Little. 

Oxide of chromium. 

Green. 

Green. 

Yellow. 

Y'ellowish- 
green, almost 
colorless. 

Little. 

Oxide of vanadium. 

Dirty 

green. 

Fine green. 

Deep yellow 
to orange- 
red. 

Yellow. 

Medium 
to much. 

Oxide of cerium. 

Colorless. 

Colorless. 

Deep yellow 
to orange- 
red. 

Yellow. 

Medium 
to much, 

Oxide of uranium. 

Pale green. 

Pale green to 
nearly col¬ 
orless. 
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TABLE OP EEACTIONS OBTAINED WITH BORAX.— Continued. 


Oxidizing Flame. 

Amount 

of 

Material. 

Produced by 

Reducing Flame. 

Hot. 

Cold. 

Hot. 

Cold. 

Deep yellow 
to orange- 
red. 

Yellow. 

Medium 
to much. 

Oxide of iron. 

Bottle- 

green. 

Pale bottle- 
green. 

Deep yellow 
to orange- 
red. 

Yellowish- 

green. 

Medium 
to much. 

Oxide of chromium. 

Green. 

Green. 

Green. 

Blue. 

Little to 
medium. 

Oxide of copper. 

Colorless to 
green. 

Opaque red 
with much 
oxide. 

Green. 

Yellow, green, 
or blue, of va¬ 
rious shades. 

Medium. 

Various mixtures of 
the oxides of iron, 
copper, nickel, 
and cobalt. 

(?) 

(?) 

Blue. 

Blue. 

Little to 
medium. 

Oxide of cobalt. 

Blue. 

Blue. 

Violet. 

Reddish-brown. 

I 

Little to 
medium. 

Oxide of nickel. 

Opaque 

gray- 

Opaque gray. 

Violet. 

Reddish-violet. 

Little. 

Oxide of manganese. 

Colorless. 

Colorless. 

Pale rose. 

Pale rose. 

Much. 

Oxide of didymium. 

Pale rose. 

Pale rose. 


h. Fusion with Phosphorus Salt on Platimm Wire. 

TABLE OP REACTIONS OBTAINED WITH PHOSPHORUS SALT. 


Oxidizing Flame. | 

1 

Amount 

of 

Produced by 

Reducing Flame. 

Hot. 

Cold. 

Material. 

Hot. 

Cold. 

Colorless. 

Colorless, but 
when strong¬ 
ly saturated 
the beads 
may in some 
cases appear 
opaque white. 

Little or 
much. 

Oxides of calcium 
strontium, barium, 
magnesium, berylli¬ 
um, zinc, alumin¬ 
ium, yttrium, lan¬ 
thanum, thorium, 
zirconium, tin, and 
silicon, the latter 
almost insoluble. 

Colorless. 

1 

. 

Colorless, hot 
when strong¬ 
ly saturated 
the beads 

may iu some 
cases appear 
opaque white. 


Continued. 
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TABLE OF EEACTIONS OBTAINED -WITH PHOSPHOKITS SALT.—Cont’d. 


Oxidizing Flame. 

Amount 

oe 

Material. 

Produced by 

Reducing Flame. 

Hot. 

Cold. 

Hot. 

Cold. 

Very pale 
yellow. 

Colorless. 

Much. 

Oxides of tantalum 
and cadmium. 

Very pale 
yellow. 

Colorless. 

Very pale 
yellow. 

Colorless. 

Mucli, 

Oxides of lead, anti¬ 
mony, and bismuth. 

Gray. 

Gray. 

Very pale 
yellow’. 

Colorless. 

Much. 

Oxide of niobium. 

Brown. 

Brown. 

Pale yellow. 

Ccdorless. 

Medium. 

Oxide of tungsten. 

Dirty blue. 

Pine blue. 

Pale yellow. 

Colorless. 

Little to 
medium. 

Oxide of titanium. 

Yellow. 

Violet. 

Yellow. 

Colorless. 

Medium. 

Oxide of cerium. 

Colorless. 

Colorless. 

Yellows 

Colorless. 

Little. 

Oxide of iron. 

Very pale 
yellow- 1 
ish-green. 

Colorless. 

Yellow. 

Pale greenish- 
yellow. 

Medium. 

Oxide of uranium. 

Pale dirty 
green. 

Fine green. 

Yellowish- 

green. 

Colorless. 

Medium. 

Oxide of molybde¬ 
num. 

Dirty 

green. 

Fine green. 

Deep yellow 
to brown¬ 
ish-red. 

Yellow to al¬ 
most color¬ 
less. 

Medium 
to much. 

Oxide of iron. 

Red, yel¬ 
low, to 
yellow¬ 
ish-green. 

Almost color¬ 
less to very 
pale violet. 

Yellow to 
deep yellow. 

Yellow. 

Little to 
medium. 

Oxide of vanadium. 

Dirty 

green. 

Fine green. 

Reddish to 
brow’iiish- 
red. 

Yellow to red- 
dish-yellow. 

Little to 
medium. 

Oxide of nickel. 

Reddish to 
brown- 
ish-i’ed. 

Yellow to red¬ 
dish-yellow. 

Green. 

Rather pale 
blue. 

Little. 

Oxide of copper. 

Pale yel¬ 
lowish- 
green. 

Pale blue, 

nearly color¬ 
less; at times 
ruby-red. 

Dark green. 

Blue. 

Medium. 

Oxide of copper. 

Browmish- 

gi’een. 

Opaque red. 

Green. 

Yellow, green, 
or blue, of 
various 
shades. 

Medium. 

Various mixtures of 
the oxides of iron, 
copper, cobalt, and 
nickel. 

? 

? 
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TABLE OF EEACTIONS OBTAINED WITH PHOSPHOEIJS SALT.— 


Oxidizing Flame. 

Amount 

of 

Material. 

Produced by 

Reducing Flame. 

Hot. 

Cold 

Hot. 

Cold. 

Dirty green. 

Fine green. 

Little to 
medium. 

Oxide of chromium. 

Dirty 

green. 

Fine green. 

Blue. 

Blue. 

Little to 
medium. 

Oxide of cobalt. 

Blue. 

Blue. 

G-rayish- 

Yiolet. 

Violet. 

Medium. 

Oxide of manganese. 

Colorless. 

Colorless. 

Pale rose. 

Pale rose. 

Much. 

Oxide of didymium. 

Pale rose. 

Pale rose. 


c. Fusion with Sodium. Caebonate on Flatinum Wire. 

If heated in the oxidizing flame, an opaque bead, green when 
hot, blue when cold, indicates manganese. The color disaiipears 
in the reducing flame. 

A yellow bead in the oxidizing flame indicates chromium. 

A clear glass can be made by fusing with a sufficient quantity 
of silica. 

G. Treatment with Acids, and Reactions with the Common 

Reagents. 

As a general rule, it may be recommended to treat 1 or 2 ivory 
spoonfuls of the finely powdered mineral in a test-tube with about 
5 cc. of acid; heat to boiling, and observe any changes which take 
place. For minerals without metallic luster, hydrochloric acid is 
usually the most convenient solvent, while for the sulphides and 
arsenides, which usually have metallic luster, nitric acid is best. 
The following should be especially observed: 

a. Enoluiion of Oases. 

1 . Carbon Dioxide, CO,.— Colorless and odorless. Obtained 
from all carbonates (p. 62, § 1). 
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2. Hydrogen Sulphide, H^S.— Colorless, with disagreeable 
odor. Obtained from sulphides (p. 121, § 7). 

3. Chlorine, Cl.—Nearly colorless, with disagreeable odor. 
Obtained from a few higher oxides when dissolved in hydrochloric 
acid (p. 101, § 2). 

4. Nitrogen Dioxide, NO,.—Dark red vapors derived from 
nitric acid when oxidation is taking place (p. 120, § 6). 

6. Color of the Solution. 

A great variety of colors may be obtained, but only the common ones will 
be mentioned. 

1. Amber to Brownish-Ked.— Hydrochloric acid solutions 
containing ferric iron. 

2. G-eeen. —From mixtures of copper and iron, and also from 
nickel. Addition of ammonia in excess gives a blue color with cop¬ 
per and nickel, the former being more intense. 

3. Blue. —From copper, and greatly intensified by adding an 
excess of ammonia. 

4. Pink or Pale Rose. —From cobalt, 

c. Insoluble Residtie after Decomposing a Mineral. 

1. A Jelly. —When this is obtained by evapioration of a solu¬ 
tion, and is insoluble upon subsequent addition of water or acid, 
it indicates a silicate (p. 108, § 1). 

2. A Pulverulent Residue.— White, but more transparent 
in the acid than the original powdered mineral; it may indicate 
a silicate (p. 109, § 2). 

3. White Residues. —These may be obtained when minerals 
containing tin, antimony, and sulphide of lead are oxidized by 
nitric acid. 

4. A Yellow Residue. — This may indicate tungsten. A 
spongy mass or fused globule of sulphur is also often obtained 
when sulphides are treated with nitric acid (p. 120, § 6). 
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d. Precipitation ly Adding Appropriate Reagents to the Clear 

Solution, 

Only those reagents which are most useful in making simple test-tube- 
experiments will be mentioned. 

1. Ammonia precipitates aliiminium, beryllium, bismuth, chro¬ 
mium (trivalent), iron (ferric), lead, and the rare earth metals 
(p. 65), as hydroxides. 

Under a variety of conditions, especially when phosphoric, arsenic, si¬ 
licic, and hydrofluoric acids are present, many other elements may be precipi¬ 
tated ; e.g., calcium phosphate is precipitated when ammonia is added to 
an acid solution of apatite (p. 60, § 4, 1), 

2. Ammonium Carbonate is especially convenient for precipi¬ 
tating calcium, strontium, and barium carbonates from solutions 
made alkaline by ammonia. 

3. Ammonium Oxalate is useful for the precipitation of cal¬ 
cium oxalate from solutions made alkaline by ammonia. Barium 
and strontium are also precipitated. 

4. Ammonium Sulphide precipitates, from solutions wdiich are 
nearly neutral or alkaline, iron, zinc, manganese, cobalt, and 
nickel, as sulphides, and aluminium, chromium, and the rare earth 
metals, as hydroxides. It is also useful for dissolving freshly pre¬ 
cipitated sulphides of arsenic, antimony, and tin. 

6. Barium Chloride precipitates barium sulphate from acid 
solutions, and serves, therefore, as a very delicate test for a sul¬ 
phate. 

6. Hydrochloric Acid precipitates silver, lead, and mercu¬ 
rous chlorides from nitric acid solutions. 

7. Hydrogen Sulphide gas, when led into hydrochloric or 
sulphuric acid solutions, precipitates silver, lead, mercury, copper, 
bismuth, cadmium, arsenic, antimony, and tin, as sulphides. If 
the solution is in nitric acid, it is best to evaporate in a casserole 
with sulphuric acid, until the nitric acid is expelled, and then, 
after dissolving in water, to run in the hydrogen sulphide gas. 
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8. Silver Nitrate precipitates silver chloride, bromide, or 
iodide from solutions of chlorides, bromides, or iodides, in water or 
dilute nitric acid. 

9 . Sodium Carbonate precipitates iron, zinc, manganese, co¬ 
balt, nickel, copper, magnesium, and many other metals, as basic 
or normal carbonates. 

10. Sodium Hydroxide precipitates iron, manganese, cobalt, 
nickel, copper, bismuth, cadmium, magnesium, and the rare earth 
metals, as hydroxides, some of these only in the absence of ammo¬ 
nium salts. 

11. Sodium Phosphate is useful for detecting magnesium in 
solutions which are not precipitated by ammonia and ammonium 
carbonate, or have been filtered from the precipitates produced by 
these reagents. 

12. Sulphuric Acid precipitates lead, barium, strontium, aud 
calcium sulphates, the last, however, only when the solutions are 
ooncentrated. 



CHAPTER V. 


PHYSICAL PEOPEETIES OF MINEBALS. 

In the foregoing chapters, minerals have been regarded from 
the standpoint of their chemical composition only, but they pos. 
sess in addition certain physical properties which may be very 
useful for their identification and recognition. The most im¬ 
portant of these are crystallization, luster, color, hardness, fusi¬ 
bility, and specific gravity. 

OBYSTALLOGRAPHY.* 

Crystallization. — When a mineral or chemical compound 
assumes a solid form, it does so by separation from a solution, or 
from a molten mass, or by condensation from a vapor; and the 
molecules, or smallest particles of the substance, generally assume 
a definite arrangement. This process is called crystallization, and 
when it takes place under favorable circumstances it gives rise to 
crystals, or solids which have not only definite internal struc¬ 
ture or arrangement of the molecules, but also definite shapes 
bounded by flat surfaces. 

Very little is known concerning the molecules which form crys¬ 
tals : they may correspond to the chemical molecules, but are 
probably larger, and aggregates of them; and certainly in all in¬ 
stances they are excessively minute. It is a very important prop¬ 
erty of crystals that, during their growth, the molecules of the 
substance tend to arrange or group about themselves only those of 

* Owing to limited space, tliis important subject will liave to be treated in a somew^liat 
elementary manner, but it is hoped that the essential features can be presented with suf¬ 
ficient clearness to enable the student to become familiar with the more important, sim¬ 
ple, crystalline forms and combinations. To obtain a really satisfactory knowledge of the 
subject it is ^uite essential to supplement the text by a collection of crystals or models. 
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the same Mnd. The crystallized condition of a compound is, there¬ 
fore, one of the very best proofs of its Jiomogeneous character and, 
purity. 

That solids with plane surfaces may result from the arrange¬ 
ment of particles of the same kind is shown by Fig. 60, which rep- 



PlG. 50. 


Cube, octahedron, and dodecahedron made by the regular arrangement of shot. The arrangement 
of the shot is identical in the three models, but different layers of shot constitute the outer or limiting 
surfaces. 

resents geometrical shapes made by a regular arrangement of shot. 
If the shot were so exceedingly small that the individual ones 
could not he seen, the outer surfaces of the solids would appear 
perfectly smooth and flat. Such an arrangement is, however, some¬ 
what misleading, since the shot are in contact with one another, 
while in crystals the distances between the molecules are probably 
considerably greater than the diameters of the molecules them¬ 
selves- A more correct idea, therefore, of an arrangement of mole¬ 
cules in a crystal may be gained from Fig. 51. In a crystal the 
molecules are all of the same kind, and in any given direction they 
must be equally distant from one another. 

As in an orchard where the trees are evenly spaced one may 
look in different directions, ac, af^ etc., (Fig. 52), and seethe 
trees m rows, so through a regular arrangement of particles, as in 
Fig. 51, there are certain definite directions in which the particles 
lie in planes. The crystal faces correspond to molecular planes, 
and have definite inclinations or angles, depending upon the mo¬ 
lecular arrangement. 

Provided a crystal has not been hindered in its development it 
will he bounded by flat surfaces, which give it a regular external 
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form, and this is one of its most striking features. It is only occa¬ 
sionally, however, that a crystal develops without interruption, for 
it usually is interfered with by others, or grows against some ob¬ 
stacle so that only a portion or perhaps nothing of its characteris¬ 
tic external form is produced. Even when the external form is 
wholly wanting, the crystalline nature of a substance, due to the 
regular arrangement of the molecules, may he revealed by some 
of the physical properties pemliar to crystals. Thus by the aid 
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of polarized light it could instantly be told that a transparent frag¬ 
ment of quartz possessed a crystalline structure and was not a bit 
of glass. 

Most minerals have been observed in a crystallized condition, 
and it is important to bear in mind that only definite chemical 
compounds piossess this peculiar property of crystallization. 

Constancy of the Interfacial Angles of Crystals. — One of 
the most important features of crystals is that those of the same 
substance invariohly exhibit the same angles between similar 
faxes. It is evident that in an orchard one must look in definite 
directions, ab, of, ag, etc. (Fig* 52), to see the trees in rows, 
these directions depending upon the way in which the trees are 
planted. In Fig. 52 the trees are represented as equally spaced 
along the rows ab and ag, with these rows at right angles to one 
another. It must also follow that constancy of interfacial angles 
is a feature of crystals, provided each substance has its own defi- 
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nite molecular structure (Fig. 51), and. that the faces correspond to 
layers of molecules. 

Goniometers.— Instruments for measuring the interfacial an- 
gles of crystals are called goniometers. 

The reflection goniometer consists of a divided circle turning 
upon an axis, and provided with devices 
for holding and adjusting crystals so that 
the edge between the faces to be measured 
can be made to coincide with, and be 
paralled to, the axis of the instrument. 
Eays of light I (Fig. 53), either coming from 
a distant object, or made parallel by pass¬ 
ing through a lens, fall upon the face ac 
of a crystal, and some of them are reflected 
in the direction of the observer ce. It is evident that in order to 
obtain a reflection in a similar direction from the face c5, it will be 
necessary to turn the crystal through the angle which is the 
supplement of the angle ac6, the angles being read from a divided 
circle. Measurements can thus be made with great accuracy even 
on very small crystals. In studying and calculating the mathe¬ 
matical relations of crystal faces, th^rsttgppimneni^aiiglej are much 
more convenient to use than the actual ones, and are almost in¬ 
variably employed by crystallographers. 

An inexpensive contact goniometer, designed by the author, 
consists of a graduated semicircle 
(Fig. 54) printed on cardboard, and 
provided with a measuring arm 
of transparent celluloid which is 
swiveled by means of an eyelet 
exactly in the center of the arc. 

A fine line, scratched on the under 
surface of the celluloid arm and 
blackened, and in exact alinement 
with the center of the eyelet, serves 
to indicate the angle. In using the instrument the edges of the 



Pig. 54. (About i natural size). 
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card and measuring arm are bronglit as nearly as possible in con¬ 
tact witb the crystal faces, care being taken that the plane of the 
card is held at right angles to the edge formed by the intersection 
of the crystal faces. 

Crystallographic Axes.— In order to show the relations of 
crystal faces it is convenient to take certain directions within the 
crystals as axes. Usnally three are chosen (Pig. 55), one a -a, 
going from front to back, another I -b, from right to left, and a 
third 0 -c, vertical. Positive and negative directions are assumed 
from the center, as indicated in the figure. Crystal faces intersect 
these axes, and, by measuring appropriate interfacial angles, the re¬ 
lative lengths of the axes, or their ratio to one another, can be de¬ 
termined. For example, sulphur crystals have the form of a pyra¬ 



mid (Fig. 56), and the angles which are measured over the edges 
joining the a and b, and the b and c axes, respectively, equal 36” 
40i' and 94° 53'. From these angles it can be calculated, by simp e 
mathematical processes, that, if the length is assumed as nnitg 
the lengths oa and oc are 0.813 and 1.903, respectively Designat¬ 
ing the lengths of the axes oa, ob, and oc as a, 5, and c, the foie- 

going mathematical relation can be expressed as follows : a:b-.o 

= 0 813 • 1 • 1 903- This is known as the axial ratio of sulphur. 

When the axes are not at right angles to one another the an¬ 
gles A and y (Fig. 57) must be determined. 
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Parameters.—Parameters are tlie distances from the center o 
(Pig. 56), at which crystal faces intersect the axes. For example 
oa, ob, and oc are the parameters of the face abc. If oa, oh^ and oo 
correspond to the characteristic lengths of the respective axes of 
any mineral, the face in question is then said to have the param¬ 
eters a:b :c. 

It must be distinctly borne in mind that the parameter dis¬ 
tances oa, ob, and oc, or the axial lengths, are not expressed in 
terms of any unit of measure, but have only relative values. For 
example, no matter what length is chosen for the b axis, if a and 
e have relatively the lengths that have been determined for sul¬ 
phur, a:b:c = 0.818 :1: 1.903, then the eight plane surfaces which 
intersect the extremities of the < 2 , &, and c axes will form a pyra¬ 
mid (Pig. 56) whose interfacial angles will be like those of a sul¬ 
phur crystal. 

Law of Definite Mathematical Ratio. —It is a very impor¬ 
tant feature of crystals that their faces, prolonged if necessaiy, 
will intersect the axes only at the ratio distances a, b, and c, 
characteristic of each substance, or at simple multiples, or frac¬ 
tions, of these ratio distances. A may, however, be parallel to 
one or two of the axes, which is indicated by the sign of infinity, 
Ciiven the axes a -a, b -b, and c ~c (Pig. 58) of the ratio lengths 
characteristic for any substance, then possible 
crystal faces might have the parameter relations 
a : 5 : c, 2a ; 5 : c, a\b etc., or oo a : & : c, 
00 a : 00 5 : c, etc. Experience has shown, more¬ 
over, that the multiples at which the characteris¬ 
tic axial lengths are cut, are most often unity 
(not expressed before the letters) and infinity, or 
such simple quantities as 2, 3, i, or f. When no 
sign is expressed, a positive one is always under¬ 
stood. 

As a further illustration of this ve7y impor¬ 
tant principle, suppose three wires are fastened together at right 
angles to one another, and cut off so that their relative lengths 
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shall correspond to the crystallographic axes of sulphur, a-.l-.c 
■ 0.813 :1; 1.903 (Fig. 59), then the eight planes joining the ex¬ 
tremities of the a, 6, and e axes, and another set of eight j)lanes 
going from the extremities of the a and 1 axes to \ on the c axis, 
would have the direction^ or make 
with one another, the character¬ 
istic angles of the faces p and s 
(Pig. 60) which occur on crystals 
of sulphur. It will be observed 
from a consideration of Figs. 59 
and 60 that the faces p, having 
their origin at a and h, do not in¬ 
tersect the vertical axis, but, if 
extended, would do so at c. Also, 
the faces s, having their origin at 
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Fig. 60. 


a certain distance on the vertical axis, when extended would 
intersect the horizontal axes at points beyond a and h. The 
relative distances^ however, at which the three axes are cut by 
the s faces are the same as those of the planes indicated by 
dotted lines in Fig. 59, going from a: 6 : Jc, for the s faces are paral¬ 


lel to these. 

It must be distinctly borne in mind that parameter relations 
furnish a means of expressing the directions of crystal faces 
when they are referred to axes of known lengths and position, 
but they in no way affect the size of the faces. A crystal face 
may be regarded as shifted to any extent, provided it is kept 
parallel to its or iginal position^ without in the least affecting the 
relative distances at which the axes are intersected. 

Indices.—The position and direction of crystal faces with 
reference to axes can also be expressed by numbers, known as 
indices, which are the reciprocals of the parameters. The recip¬ 
rocal of a number is one divided by the number, -1 = 0. In¬ 
dices are written as whole numbers, the reciprocal values being 
cleared of fractions when necessary, and the minus sign, when 
needed, is written over the number. 
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The following examples will serve to illustrate the relations of 
parameters and indices: 


Parameters, 

Indices. 

a \ h :g 

Ill 

a :h \ o:>c 

110 

00 a : GO 5 ; —c 

OOI 


Parameters. Indices, 

2a-.h:c 122 

a : -|5 : 3c 331 

—a : b:}c 113 


If one win keep in mind tke reciprocal relation existing be¬ 
tween indices and parameters, it soon becomes an easy matter 
to use indices, and to conceive of the position and direction of 
crystal faces expressed by them. For example, 001 designates a 
plane parallel to the a and b axes, and intersecting the negative 
end of c. The indices 122 (read one, two, two) designate a face 
intersecting a, ib, and ie; such a plane is parallel to, and, there¬ 
fore, crystallographically identical with, a plane expressed by the 


c 



Fig. 61. 



parameter relation 2a:b\G 
(Fig. 61). The indices 321 
designate a face intersect¬ 
ing ia, — ib, and c, which 
is parallel to the face hav¬ 
ing the parameter relation 
a: —§b :3c (Fig. 62). 

It is important to note 


the order in which the indices are written, the first, second, and 


third numbers referring invariably to the characteristic a, b, and 


c axes. 


Since indices furnish a very convenient method of expressing 
crystallographic relations, they have been almost universally 
adopted by crystallographers. 

Symmetry.—Upon examining crystals it will be observed that 
there is a certain regularity in the recurrence of faces and angles 
of the same kind, which is designated as symmetry. The sym¬ 
metry of crystals is expressed in terms of imaginary planes and 
axes passing through them. 
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Symmetry Plane. —A plane is called a symmetry plane lYlien it 
divides a crystal in such a manner that the faces 
and angles on one side of the plane are repeated 
on the side directly opposite. Thus in Fig. 63 of 
ortlioclase, the shaded plane divides the figure 
symmetrically. A symmetry plane is of such a 
nature that, if a crystal is held before a mirror 
with the symmetry plane parallel to the reflecting 
surface, the crystal and its reflection present the 

same appearance. 

Symmetry Axis.— a crystal, on being revolved, shows a 
recurrence of similar faces and angles, the direction about which 
the revolution has taken place is called an axis of symmetry. 
In Fig. 63 the direction at right angles to the face h is an axis 
of symmetry; by a turning of 180° about this axis, the crystal 
would occupy the same position in space, and therefore present 
the same appearance. The symmetry of crystals as referred to 
axes is of four kinds: Unary, trigonal, tetragonal, and hexa¬ 
gonal, according as the recurrence of similar parts or features 
takes place two, three, four, or six times during a revoludon of 
360°. and the four kinds are indicated by the following signs: 

Crystallographic axes, (page 159) correspond to axes of sym¬ 
metry whenever it is possible to make them. 

Center of Symmetry.—A crystal is said to have a center of 
symmetry when it is so developed that for every face there is a 
possible one of exactly similar character, diametrically disposed 

with reference to a central point. 

The Crystal Form.—All of the faces of the same hind which 
are possible on a crystal of given symmetry constitute a crystal 
form. For example, take the axes of binary symmetry, a-a, 
i -t and c -c (Fig. 64), which are of unequal lengths and at 
right angles to one another, and assume that there are three 
planes of symmetry, each passing through two of the axes; the 
eight faces intercepting the extremities of the axes would then 
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he alike and would produce a form known as a pyramid. In 
giving the symbol of such a form it is custom¬ 
ary to give the parameters a:b: c, or indices 
(111) of only one of the faces, since the number 
of possible faces of the same kind can readily 
be told, provided the symmetry is known. 

In Fig. 63, which represents an orthoclase 
crystal with one axis of binary symmetry and 
one plane of symmetry, there are three forms, 
h, c, and y, each consisting of two faces, and 
a fourth form m, having four faces. 

Normal or Holohedral Forms. —Fig. 64 rep¬ 
resents the most symmetrical arrangement of the crystal faces 
about the axes a -a, h -h, and c -c. Eight faces of the same 
kind are possible, all of Avhich are developed, and the term 
normal form will be used for designating crystals of tliis charac¬ 
ter. It is also customary to designate such a form as holohedral 
(oA. 0 ?, whole, and sdpa, face). 

Hemihedrism. —About a system of three, une<iual axes, at right 
angles to one another, it is possible to have 
forms with a lower degree of symmetry than 
that of the pyramid (Fig. 64). For example, 
provided the axes are symmetry axes, and that 
there are no planes of symmetry, the form 
a-.b-.c (111) would then consist of four faces 
(Fig. 65). Such a form is often designated as 
hemihedral {wh half, and edpa, face), since it has 
only half as many faces as are possible when 
the highest degree of symmetry prevails. 

JSemimorphism.—1\ds. term is applied to the property, exhib¬ 
ited by some minerals, of having different crystalline forms at 
opposite extremities of an axis of symmetry. Thus, a crystal of 
calamine (Fig. 66) shows the forms lettered c, t, and i above, which 
are different from v below. Crystals of tourmaline (Figs. 67 and 
68) have very different forms at the upper and lower extremities 
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of the vertical axis. Hemimorphic crystals show marked pyro¬ 
electricity, see p. 231. 



Fig. 66. Fig. 67. Fig. 68. 


Crystal Habit.—It is characteristic of every substance that 
its crystals possess a certain Tcind of symmetry, or belong to a cer¬ 
tain system of crystallization, although their forms or habit may 
be very different. Thus Figs. 69, 70, and 71 illustrate the forms 


Pig. 69. Fig. 70. Fig. 71. 

of the cube, octahedron, and dodecahedron, which may be observed 
in fluoi’ite. The shot models (Fig. 50, p. 156) also show these three 
forms, and will perhaps serve to explain why it is that there can 
be a difference in habit. The forms of the models depend upon 
the directions of the layers of shot which represent the outer or 
limiting surfaces, while the arrangement of the shot with reference 
to one another is the same in all three models. As explained 
on p. 155, each chemical substance possesses a definite arrangement 
of its crystal molecules, but layers of molecules having different 
directions may constitute the crystal faces. 

Distorted Crystals.—It generally happens that during the 
growth of crystals material is supplied more abundantly to some 
parts than to others, and consecjuently they do not attain an ideally 
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symmetrical development. For example, althougli pyrite crystal¬ 
lizes in cubes (Fig. 72), it is frequently found in forms having some 
faces larger than others (Figs. 73 and 74). These forms, although 
departing from the type of a geometrical cube, are considered, crys- 



Fia. 72. 



Fig. 73. 



Fig. 74, 


tallograpMcally, as distorted cubes, since each interfacial angle 
equals 90®, and all the faces have similar physical properties. 
Fig. 75 represents a symmetrical octahedron and Fig. 76, a dis¬ 
torted one ; Fig. 77, a symmetrically developed quartz crystal, and 
Fig. 78, a distorted one with the corresponding faces m, r, and z 
differently developed. 



Fig. 75. 




Distorted crystals are the rule rather than the exception, al¬ 
though the distortion is not usually so great as represented by the 
foregoing illustrations. Moreover, it should be clearly understood 
that the characteristic interfacial angles of crystals are in no way 
affected by inequalities in the size of similar faces. 

Crystal Combinations.—The occurrence of two or more dif¬ 
ferent forms, or dissimilar kinds of faces, on a single crystal is 
called a combination. Fig. 60 (p. 161) illustrates the way the forms 
f and s combine on a crystal of sulphur, and Fig. 63 (p. 163), a com- 
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bination of the four forms h, c, y, and m on a crystal of orthoclase. 
Farther on, when the systems of crystallization are described, this 
important subject of crystal combinations will be more fully illus¬ 
trated and explained. 

Truncations.—When an edge which would be formed by the 
meeting of two crystal faces is replaced by a plane, that edge is 
said to be trimcated. Fig. 79 represents a cube a 
whose edges are truncated by the planes cl. The 
term truncation is generally used in a restricted 
sense, to denote that truncating planes make equal 
angles with the adjacent faces. When the angles 
on adjacent faces are unequal the term oblviue 
truncation is used. 

A solid angle is said to be trimcated when it is 
replaced by a plane. Fig. 80 represents a cube a 
whose solid angles are truncated by the planes o. 

T-win Crystals.—When crystals grow together in other Than a 
parallel position, so that they have a certain crystallographic 
plane, or direction, in common, they are known as ticin crystals. 
These generally present the appearance of two halves of a crystal 
(Fig. 81) united by a plane called the tioinning-plane, and are 
known as contact twins. Twin crystals of this type are of such a 



Fig. so. 



Fig. 81. 


Fig. 82. 


Pig. 83. 


nature that che turm of a simple crystal would result if the twins 
were cut in two along the twinning-plane, and either one of the 
halves should be revolved 180° about an axis which is at right 
angles to the twinning-plane. Sucli an axis is known as the twin¬ 
ning-axis. For example, if the lower half of the twin crystal rep- 
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resented in Fig. 81 was tFns revolred, an octahedron (Fig. 82) would 
result; hence such a crystal is caHed a twinned octahedron. 

Two individuals may also appear as penetrating through one 
another (Fig. 83) and such are known as penetration twins. In 
this t\T)e oAwins one of the individuals is brought into the same 
position as the other by a revolution of 180° about the twinning- 
axis. For example, the cube a if thus revolved about the twin- 
ning-axis 11 would assume the position of the cube a. 

A twinning-plane can never be a symmetry-plane, and is almost 
invariably parallel to a face having a simple relation to the crys¬ 
tallographic axes. 

Fig. 84 represents a simple crystal of aragonite; Fig. 85, a 
twin in which one of the m faces is the twinning-plane ; and 
Fig. 86, a repeated twinning, in which the parts I and III are in 
a parallel position, and have between them a lamella II in twin 
position. When there are a series of lamellae in twin position the 
twinning is said to poly synthetic. Fig. 87 represents a piece of 




fiG. 84. 
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Fig. 85, 
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Fig. 87. 



oligoclase feldspar where the polysynthetic twinning has given 
rise to a surface which appears distinctly striated, and consists 
of a series of alternating re-entrant and salient angles. Fig. 88 
represents a twin grouping of rutile prisms which cross one an¬ 
other at angles of about 60° and 120°; and Fig. 89, a repeated 
twinning of rutile where eight individuals unite to form a rosette. 
Twinning often gives rise to very complex forms. 
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Althougli re-entrant angles are a prominent feature of twin crys¬ 
tals, they are not to be taken as a necessary indication of twinning. 
Crystals grow together in parallel and all possible accidental X 30 si- 



Fig. 88. 



Fig. 1 


Fjg. 90. 



tions, giving rise occasionally to groupings with re-entrant angles 
which may closely resemble twin crystals, but are entirely distinct 
from them. Fig. 90 represents a parallel growth of octahedrons of 
magnetite. 

The Systems of Crystallization.—Although there is an almost 
unlimited variety in the forms of crystals, they can all be classified 
under the following six divisions, or systems of crystaUization : 

I. Isometric. III. Hexagonal. V. Monoclinic. 

II. Tetragonal. IV. Orthorhombic. VI. Triclinic. 

The character of the different systems, and the prominent forms 
which they jiresent, will be described on subsequent pages. 


IsoMETKic System. 

The forms in this system can be referred 
to three axes^ which are at right angles to 
one another and of equal lengths (Fig. 91). 
Since the axes are alike, they are all desig¬ 
nated by the symbol < 2 , but in referring 
crystal faces to them a definite order is 
adopted, as < 2 ^, a,, and a^. 



Forms of the Normal Group.—Galena Type. 

All the forms and combinations of this group are characterized 
by having three axes of tetragonal, four of trigonal, and six of 
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binary symmetry (Fig. 92); also by having three axial and six 
diagonal planes of symmetry (Figs. 93 and 94). 



92. 


Cube.—^The cube a (Fig. 95) has six square faces, each of 
which intersects one axis and is parallel to the other two. The 
symbol is (100). The interfacial angles are 90°. The faces are all 
alil-e. This is also true of the eight solid angles and twelve edges. 
(Compare distorted cubes, p. 166.) Galena, fluorite, and halite 
commonly crystallize in cubes. 

Octahedron.—The octahedron o (Fig. 96) has eight faces, each 
of which intersects the three axes at equal distances from the cen¬ 
ter. The symbol is (111). The faces are equilateral tr iangles and 
the interfacial angles are 70° 32'. The faces are alike, as are also 
the six solid angles and the twelve edges. (Compare distorted 
octahedrons, p. 166.) Galena, magnetite, and fluorite often crystal¬ 
lize in octahedrons. 



Fis. 93. Fis. 96. Fia. 97. 


Dodecahedron.—The dodecahedron d (Fig. 97) called often the 
rhombic dodecahedron, has twelve rhombic faces, each of which 
intersects two of the axes at the same distance and is parallel to 
the third. The symbol is (110). The interfacial angles are 60°. 
The faces are alike, and so also are the twenty-four edges, but the 
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solid angles are of two kinds, namely: those at the extremities of 
the axes, made by the meeting of four faces, and those at the cen¬ 
ters of the octants, made by the meeting of three faces. G-arnet 
and magnetite occur in dodecahedrons. 

Crystals which show the combination of the cube a, the octa¬ 
hedron o, and the dodecahedron d, as illustrated by Figs. 98 to 104,. 
will often be found. None of these combined forms receive a spe- 
oial name, but can be designated as follows: Fig. 98, a comiina- 
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Fig. 101. 


tion of cube and octahedron; Fig. 102, a combination of octa¬ 
hedron and dodecahedron ; Fig. 104, a combination of cube, do¬ 



decahedron, and octahedron, etc. Galena, fluorite, and magnetite 
illustrate such combinations. 

Trapezohedron.—The trapezohedron (Fig. 105) has twenty-four 
similar faces, each of which is a trapezium. Each face intersects 
one axis at a certain distance (unity) and the 
other two at equal multiples of unity. This 
form has two kinds of edges and three kinds of 
solid angles. A trapezohedron having the 
symbol (211) is the common form of garnet, 
analcite, and leucite. One with the symbol 
(311) would differ from the one figured in its Fig. io5. 

interfacial angles, although the arrangement of the faces would 
be similar. 
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Fig. 106 (garnet) represents the trapezohedron n (211) in comv 
bination with the dodecahedron d ; Fig. 107 (analcite), a combina- 



Fia. ^06. Fig. 107. Fig 108. 


tion of the same trapezohedron n with the cube a ; and Fig. 108 
(magnetite), the trapezohedron in (311) with the dodecahedron d. 

Trisoctahedron.—This form has twenty-four triangular faces ^ 
each cutting two of the axes at unity and the third at a multiple 
of unity. The one shown in Fig. 109 has the symbol (221). Pig. 
110 represents a combination of this form p (221) with the octa¬ 
hedron 0 , which occurs in galena 

Tetrahexahedron.—This form has twenty-four triangular 



Fig. 109. Fig. 110. Fig. 111. Fig. 112. 


faces, each cutting one axis at unity, a second at a multiple of 
unity, and a third at infinity. The one shown in Fig. Ill has 
the symbol (210). Fig. 112 is a combination of f (310) with the 
cube a, which occurs in fiuorite. 

Hexoctahedron.—This form has forty-eight triangular faces, 



Fig. 113. 


Fig. 114. 


Fig. 115. 
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eacli cutting one axis at unity and tlie otlier two at different 
multiples of unity. The one shown in Fig. 113 has the symbol (321). 
Fig. 114 (garnet) represents a combination of this form s (321) with 
the dodecahedron d, and Fig. 115 (fluorite), the hexoctahedron t (421) 
wuth the cube a. Such combinations are only occasionally observed. 

There are in all seven kinds, of simple forms in the normal 
group : the cube, octahedron, dodecahedron, trapezohedron, tris- 
octahedron, tetrahexahedron, and hexoctahedron. It is possible 
that an isometric mineral may crystallize in any of these forms, 
although usually there are certain forms and combinations which 
are especially common in and characteristic of individual species. 
Thus galena and fluorite crystallize usually in cubes and octa¬ 
hedrons, or their combinations; magnetite, in octahedrons and 
dodecahedrons, or tlieir combinations; garnet, in dodecahedrons 
and trapezohedrons (211), or their combinations; and leucite and 
analcite, in trapezohedrons (211). It is very seldom that galena is 
found in dodecahedrons, magnetite in cubes, or garnet in either 
cubes or octahedrons. 

ISOMETRIC FORMS OF LOWER SYMMETRY THAN THAT PRESENTED 
BY THE NORMAL GROUP. 

PyritoJiedral Group.— Pyrite Type. 

Crystals of this group are characterized by having three axes 
of binary and four of trigonal symmetry 
(Fig. 116) ; also three axial planes of sym¬ 
metry (Fig. 93, p. 170). 

Pyritohedron.—This form (Fig. some¬ 
times called the pentagonal dodecahedron, has 
twelve pentagonal faces, corresponding in 
position to the alternating faces of the tetra¬ 
hexahedron. The symbol of the pyritohedron figured is (210), the 
same as that of the tetrahexahedron (Fig. 111). 

Diploid.—This form (Fig. 118) has twenty four faces which cor¬ 
respond in position to half of the faces of the hexoctahedron. The 
symbol of the diploid figured is (321), the same as that of the 
hexoctahedron (Fig. 113). 
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The cvhe, octahedron, dodecahedron,, trisoctahedron, and trap- 
ezohedron occur in this group, but they differ from the forms of 
the normal group in having a lower kind of symmetry. Thus it 
may generally be observed that the cubes of pyrite are striated, 



Fig. 117, Fig. 118. Fig. 119. 


the striae running in one direction on each cubic face, and at right 
angles to one another on adjacent faces (Fig. 119). The striations 
result from the tendency of the cube to crystallize in combination 
with the pyritohedron (Fig. 117). The crystallographic axes of 
such striated cubes are axes of binary symmetry, and not of tet¬ 
ragonal symmetry; therefore the cubes are not normal ones. Turn 
a cube of galena about its vertical axis and it will present the 
same appearance four times during a complete revolution, but a 
striated cube of pyrite similarly turned will present the same 
appearance only twice. 



JJ-iG. 125. Fig. 126. 

• of fie cube a (100) and the octahedron o (111) 

with the pyritohedron e (210) and the diploid t (421), represented 
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by Figs. 120 to 125, illustrate forms which may be observed in 
pyrite and cobaltite, all of which serve to show the characteristic 
symmetry of this group. Fig, 126 represents a penetration twin 
of two pyritohedrons. 

Tetrahedral Group,—Tetrahedrite Type. 

Crystals of this type are characterized by 
having three axes of binary and four of trigo¬ 
nal symmetry (Fig. 127), and also six diagonal 
planes of symmetry (Fig. 94, p. 170). The com¬ 
monest form is the tetrahedron, from which 
the group derives its name. 

Tetrahedron.—This form o (111) (Fig. 128) has four faces^ 
corresponding in position to the alternating faces of the octahe¬ 
dron (Fig. 96). The faces are equilateral triangles, and the inter¬ 
facial angles are alike, 109° 28'. Two tetrahedrons are possible 
which differ in position ; o (111) (Fig. 128) being designated as the 
positive tetrahedron and (111) (Fig. 129), as the negative. The 
crystallographic axes join the centers of opposite edges. The 
positive and negative tetrahedrons may occur in combination, as 
represented by Fig. 133. 


Fig. 128. Fig. 129. 

Tristetrahedron.—This form has twelve triangular faces^ 
corresponding in position to half of the faces 
of the traj^ezoliedron (Fig. 105). The form 
represented by Fig. 130 has the symbol (211). 

Possible forms in* this group, which are 
occasionally seen in combination with other 
forms, are the deltoid dodecahedron (Pig. 131) 
and the hexakistetrahedron (Fig. 132), whose faces correspond 
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to half of those of the trisoctahedron (Fig. 109) and the hexocta- 
hedron (Fig. 113), respectively. 




The cube a (100), the dodecahedron d (110), and the tetrahexa. 
hedron occur in combination with the foregoing tetrahedral forms. 
From Fig. 127 it may be seen that in the cube of this group the 
diagonally opposite solid angles are not alike. This is further 
shown by the combination of the cube and tetrahedron (Fig. 134). 
By comparing Figs. 134 and 137 with Figs. 98 and 103, respectively, 
it will be seen that both the cube and dodecahedron of this group 
differ from the normal cube and normal dodecahedron of the 
galena type. 

Tetrahedrite, sphalerite, and bora cite occur in tetrahedrons and 
tetrahedral combinations, and Figs. 133 to 138 represent some of 
the combinations which may be observed, where o is the positive 



Fig. 133. Fig, 134. Fig. 135. 



and 0 , the negative tetrahedron, a the cube, d the dodecahedron, 
and n the tristetrahedron (211). 
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Tetragonal System. 

TJie forms in this system are referred to three axes, all at right 
angles to one another. The two lateral axes a (Fig. 139) are equal 
and interchange, while the vertical axis c 
differs from these in length and in charac¬ 
ter. Tlie length of tlie vertical axis lias to 
be determined by the measurement of ap¬ 
propriate angles for each substance crystal¬ 
lizing in this system. In zircon, for ex¬ 
ample, c = 0.640, a being taken as unity. 

Forms of the Foi'mal Group.—Zircon Type. 

The crystals of this group are characterized by having a vertical 
axis of tetragonal symmetry and four axes of binary symmetry 
(Fig. 140) ; also one horizontal and four vertical planes of sym¬ 
metry (Fig. 141). 


Pig. 140. Pig. 141. 

The forms are of three kinds: pyramidal, when the faces 
intercept the vertical and one or both of the horizontal axes; pris¬ 
matic, when the faces are parallel to the vertical axis ; and pina^ 
coldal, when the faces are parallel to the horizontal axes. 

Pyramids.— A form known as the pyramid of the first order 
(Fig. 142) has the symbol (111), where the third index refers to the 
characteristic length of the vertical axis. This form is character¬ 
ized by having eight similar faces which are isosceles triangles, 
two kinds of edges, and two kinds of solid angles. (Compare the 
isometric octahedron (111), Fig. 96). Pyramids of this order are 
alike in the general arrangement of their faces, but those of differ¬ 
ent minerals will not have the same interfacial angles, since 
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the lengths of their vertical axes are not alike. Fig. 142 represents 
the pyramid in zircon where c = 0.640; Fig. 143, one of braunite 
where o = 0.985 (the interfacial angles in this case are near those of 
the isometric octahedron, Fig. 96); and Fig. 144, one of octahedrite 
where c = 1.777. 



Fig. 142. Fig. 143. Fig. 144. 


Another form, known as pyramid of the second order (Fig. 
145), has the s 3 rmbol (101). This form, like that of the pyramid of 
the first order, has ekpit similar faces which are isosceles triangles, 
two kinds of edges, and two kinds of solid angles. Fig. 145 repre¬ 
sents the pyramid of the second order of zircon wdiere c = 0.640. 

On any mineral there may be steeper or flatter pyramids than 
the nnit-forms (111) and (101), according as the faces intercept the 
vertical axis at a multiple or fraction of its characteristic length. 



BtG. 145. Fig. 146. 


Fig. 146 represents a form known as the ditetragonal pyramid^ 
having eight similar faces above and eight below. Its symbol is 
(311), and the vertical axis corresponds to that of zircon, c — 0.640. 
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Prisms.—Square prisms are very common and characteristic 
forms in this group. The form m (110) (Fig. 147) is called a prism 
of the first order and the form a (100) (Fig. 148) 2 , prism of the sec¬ 
ond order. Each consists of four similar faces with interfacial 
angles of exactly 90°. 

Fig. 149 represents a form (210) which has eight similar faces 
and is known as a ditetragonal prism. 

Fig. l.'iO is a plan, or horizontal projection of the lateral axes, 
together with the trace of the prism of the first order m and 
the second order a. The necessity for having prisms and pyra¬ 
mids of two orders wall become evident when the tetragonal 
combinations are considered. 
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Fig. 147. 




There is nothing in the molecular character of a substance 
to determine the length of its prismatic forms, as the prisms 
Avhicli occur on a mineral may be either long or short, wholly inde¬ 
pendent of the characteristic length of the vertical axis c. The 
pyramidal faces which terminate the prisms have, however, definite 
inclinations, and from the angles of these the length of the vertical 
axis e is calculated. 

Base or Pinacoid.—The form c (001) is a very common one, and 
consists of tiDo similar parallel faces, the top and bottom ones in 
Figs. 147 to 149. 

Combinations.— The following examples will serve to show the 
variations in habit resulting from the combinations of tetragonal 
forms in different minerals. The frequent occurrence of the forms 
with simple indices is noticeable; a (100), c (001), m (110), 
(111), and e (101). 
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The interfacial angles a A a, in Am, a A c, and m A c = 90° 
and aAm — 45°. 

Zircon (Figs. 142 and 151 to 155).—Axis e = 0.640. Angles 
p Ap= 5Q° 40' and e Ap = 42° 10'. These crystals commonly pre¬ 
sent the combination of the prism of the first order m (110) with 



Pig. 151. Pig. 152. Pig. 153. Pig. 154. Pig. 155. 


the pyramid of the first order p (111). The steep pyramid of the 
first order u (331) and the ditetragonal pyramid x (311) are occa¬ 
sionally observed. The base c (001) is exceeding rare on zircon 
crystals. 

Vesunianite (Figs. 156 to 159).—Axis c = 0.537. Angles pAp = 
60° 39' and c Ap = BT 13'. These crystals usually show the prism 
of the first order m (110) and of the second order a (100), ter- 
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PlG. 15S. 


Pig. 159. 


minated either by the basal plane c (001), the iiyramid of the first 
order jp (111), or by a combination of both c and p. 

Cassiterlte (Figs. 160 to 162).—Axis c = 0.672. Anglesy) Ap = 
58° 19' and e Ai? = 43° 33'. On crystals of this mineral the pyra¬ 
mid and prism of the first order, p (111) and m (110), and the prism 
of the second order a (100) are the prominent forms. The pyra¬ 
mid of the second order e (101) and the base c (001) occur in com- 
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bination with these. Twin crystals are common with the pyramid 



Fig. 160. Fm. 161. Fig. 162. 

of the second order e (Oil) as twinning-plane. 


Riitile (Figs. 163 to 166).—Axis 0.644. Angles p f\]) - 

56° 52' and c A p = 42° 20'. The crystals are usually j)rismatic and 
often capillary. Prisms of the first and second orders, m (110) and 



a 


Fig. 163. Fig. 164. Fig. 165. Fig. 166. 

a (100), occur and are terminated by the pyramids of the first and 
second orders, p (111) and e (101). Fig. 164 is a basal projection 
of Fig. 163, and shows the symmetrical development of the faces 
of a tetragonal crystal about the vertical axis. Twin crystals of 
rutile are very common, a pyramid of the second order (101) being 
the twinning-plane. Often a network of prisms, crossing at angles 
of nearly 60° and 120° (Fig. 165), and zigzag groups (Fig. 166) 
result. 


OctaTiedrite (Figs. 167 and(168).—Axis c = 1.777. Angles p /\p = 
82° 9' and c A = 68° 18'. The common form is the pyramid of 
the first order p (111) (Fig. 144). 

The forms shown in Figs. 167 and 
168 are the flat pyramids of the 
first and second orders, z (113) 
and X (103), the prism of the first 
order a (100), and the base e (001). 

ApopTiylUte (Figs. 169 to 172)—Axis c = 1.251. Angles jp Ai? = 
76° 0' and c A = 60° 32'. This mineral is characterized by thealmost 



Fig. 167. Fig. 168. 
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constant occnrrenoo of the pyranaid of the first order (ill) in 



Fig. 169 Fig. 170. Fig. 171. Fig. 173. 

combination with the prism of the second order a (100). The basal 
plane c (001) is usually present, and is often prominent (Fig. 172). 
The ditetragonal prism y (310) may also occasionally be observed. 

TETRAGONAL FORMS OF LOWER SYMMETRY THAN THAT PRESENTED 
BY THE NORMAL GROUP. 

Tri-Pyramidal Group.—ScJieelite Type. 

This group is characterized by having a vertical axis of tetrag¬ 
onal symmetry and one horizontal plane of symmetry. (Compare 
Figs. 140 and 141, p. 177). 

The characteristics of the group may be illustrated by scheelite 
and scapolite. 

Scheelite (Figs. 173 and 175).—Axis c = 1.536. Angles^ A 77 = 
79° 55' and c Aj? = 65° 16'. Fig. 173 represents a combination of 



5’ig- 173. Fig. 174. Fig. 175. 


the pyramid of the first order p (111), of the second order e (101), 
and a form s having the symbol (131) and known as a pyramid 
of the third order. If the form s occurred alone it would be a 
tetragonal pyramid, with its horizontal edges having the directions 
8 «: a on the lateral axes. A pyramid of the third order (133), not 
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SO acute as the form s, is represented by Fig. 174. A common 
habit with scheelite is a combination of the pyramids of the first 
and second orders, p and e (Fig. 175). 

Scapolite (Figs. 176 to 178).—Axis c - 0.438. Angles p Np^ 
43° 45' and c a jp = 31° 48'. The figures illustrate combinations of 



Fig. 176. Fig. 177. Fig. 178. 


the prisms of the first and second orders, m (110) and a (100), with 
the pyramid of the first order p (111); while Fig. 178 shows the 
additional pyramid z (311) of the third order. 

It should be observed that the forms s (131) of scheelite and 
z (311) of scapolite are tetragonal pyramids, while the form with 
corresponding indices in the normal group is a ditetragonal pyra¬ 
mid (Fig. 146). 

Sphenoidal Group.—Chalcopyrite Type. 

This group is characterized by having a vertical axis of binary 
symmetry and two horizontal axes of binary symmetry; also 
two vertical planes of symmetry (numbers 4 and 5) (Fig. 141, p. 177). 
The forms are illustrated by chalcopyrite. 

Chalcopyrite (Pigs. 179to 185).—Axisc = 0.985. Angles^A_p,= 
70°. 7^' and c /\p = 54° 20'. The form p (111) (Pig. 179) is called a 



Fig. 179. Fig. 180. Fig. 181. Fig. 183. 

sphenoid. It has four similar faces, which correspond in their re¬ 
lation to the axes to the alternating faces of the tetragonal pyra- 
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mid of the first order (Fig. 143). The form is analogous to the 
isometric tetrahedron (Fig. 128), being almost identical with it in 
its interfacial angles, since the length of the vertical axis of chal- 
copyrite is so nearly equal to that of the lateral axes. The posi¬ 
tive sphenoid p (111) and the negative sphenoid p (111) occur in 
combination (Fig. 180), also twinned (Fig. 181). The acute sphe¬ 
noid r (Fig. 182) having the symbol (332) and the pyramid of the 
second order 2 (Figs. 183 and 184) having the symbol (201) are 
occasionally observed. The twinning-plane of Figs. 181 and 184 is 
(ill). Pig. 185 represents a combination of an acute sphenoid 



ITg. 188. Fig. 184. Fig. 185. 


# (772) with a form x (122), known as a scalenohedron, but the 
symbols of these two forms are questionable, because the faces 
are striated and the inclinations therefore not accurately de 
termined. 

Hexagonal System. 

The forms in this system are referred to four axes. The 
three lateral axes and a, (Fig. 186) are equal and inter¬ 

changeable, and cross at angles of 60° and 120°, while the vertical 
axis c is of different length and at right angles to them. The 
length of the vertical axis must be determined by the measurement 
of appropriate angles for each substance crystallizing in this sys¬ 
tem. In beryl, for example, c = 0.499, the lateral axes being 
taken as unity.. 

Pig. 187 represents a plan of the lateral axes. In giving the 
parameters and indices of the forms, the order in which the axes 
are taken, a„ a„ and a„ and also the positive and negative direc¬ 
tions, as indicated in the figure, should be carefully observed. 
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On account of the axial angles of 60° and 120° there are certain 
relations of the crystal faces to the horizontal axes, represented by 
Fig. 188, which should be carefully considered. A face intersect¬ 
ing the unit lengths of adjacent axes wih be parallel to the third, 
axis ; hence the parameter relation a.: co — a, and indices (lOl).. 
A face going from unity («) on one axis to a multiple of unity 

(na) on an adjacent axis will intersect the third axis at ■, a. 

Thus when % = 2, the face may have the parameter relation: 
2a,; 2a,: — a, and indices (113). When n is a quantity greater than 
1 and less than 2, for examjple the parameter relation may be 
|a,: %a ,: — a„ indices (213). In every case the third index will be 



\-e 


Fia. 186. Fig. 187. Fig. 188. 

equal to the sum of the first and second indices, with the opposite 
sign. In the complete symbols of hexagonal forms there will be 
a fourth index, expressing the relation on the vertical axis. 

Forms of the Normal Group.—Beryl Type. 

The crystals of this group are characterized by having a vertical 
axis of hexagonal symmetry and six horizontal axes of binary sym¬ 
metry (Fig. 189) ; also one horizontal and six vertical planes of 
symmetry (Fig. 190). 

The forms are of three kinds : pyramidal, when the faces in¬ 
tersect the vertical and the horizontal axes ; prismatic, when the 
faces are parallel to the vertical axis; and pinacoidal, when the 
faces are parallel to the three horizontal axes. 
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Fio. 189. 


Fig. 190. 



Pyramids— A form known as the pyramid of the first order 
(Fig. 191) has the symbol (lOil). The twelve faces, six above and 
six below, are alike, and are isosceles triangles. The six upper 
ones have, respectively, the following indices: (lOll), (Olll), (1101), 
(1011), (Olll), (llOl). A form known as the pyramid of the second 
order (Fig. 192) has the symbol (1152); in this the twelve faces 
are isosceles triangles, the six upper ones having the following 
indices: (1152). (1212), (5112), (1122), (1512), (2ll2). There may 
be steeper or flatter pyramids of either order, according as the 




vertical axes are cut at a multiple or a fraction of the unit 
length. 

Fig. 193 represents a form with twelve similar faces above and 
twelve below, known as the dihexagonal pyramid. It is only 
occasionally that a complicated form of this kind is observed in 
combinations. One is shown in Fig. 203 (beryl) lettered n. The 
form represented by Fig. 193 has the symbol (21S1), where 
c = 0.499, the length of the vertical axis of beryl. 
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Prisms.—Corresponding to the pyramids are two hexagonal 
prisms: the prism of the first order, m (Fig. 194), with the 
symbol (lOlO), and the prism of the second order, a (Fig. 195), with 
the symbol (1120). Each kind of prism has six similar faces, with 
interfacial angles of 60°. 



Fis. 194. Fig. 195. 


Fig. 196 gives a plan of the horizontal axes, together with 
the trace of the prism of the first order m and of the second order 
a. The necessity of having pyramids and prisms of the two orders 
will become evident when some of the crystal combinations are 
considered. 



Fig. 196. Pig. 197. 


The rare dihexagonal prism having twelve similar faces is 
shown by Fig. 197, which represents the form (2130). 

The prisms of a hexagonal mineral may be either long or short, 
wholly independent of the characteristic length of the vertical 
axis. 

Base or Pinacoid.—The form c, having the symbol (0001), con¬ 
sists of two similar faces, the top and bottom ones of Figs. 194,195, 
and 197. The basal plane is exactly at right angles to the pris¬ 
matic faces. 
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Combinations.—The following representations of crystals of 
different minerals illustrate some combinations of hexagonal forms. 
In these the prevalence of the forms with simple indices, a (0001), 
m (lOlO), and^ (1011) is noticeable. The interfacial angles m Ac and 
a A c = 90°, m A m and a Act = 60°, and m a ct = 30°. 

Beryl (Figs. 198-203).—Axis e — 0.499. Angles A jp = 28° 54' 
and c A p = 29° 56'. The common habit of beryl is a combination 
of the prism of the first order, m (lOlO), with the base c (0001). 
Crystals showing pyramidal forms of the first order, p (lOll), 
and of the second order, s (1121), and the prism of the second 
order, a (1120), are rather exceptional. Fig. 202 is a basal 
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Fig. 198. 
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Fig. 199. 




Fig. 200. 



Fig. 201. 




projection of Fig. 201, illustrating the development of similar 
faces in sets of six about the vertical axis. Fig. 203 represents a 
highly modified crystal, with the prism m, terminated by a dihex- 
agonal pyramid n (3141), two pyramids of the second order, s and 
d (3364), the pyramid of the first orders, and the base o. 

ByrrTiotite (Figs. 204 and 205).—Axis c = 0.870. Angles 
p Ap = 41° 30' and c a ^ = 45° 8'. The crystals of this mineral are 
usually tabular, owing to the prominence of the base c (0001), and 
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sliow tlie forms of the prism of the first order m (lOlO), and two 
pyramids of the first order, p (1011) and u (4041), 



Fig. 204. Pig. 205. 


Hanlisite (Fig. 206).—Axis c = 1.014. Angles 44° 41' 



Fig, 206. 


and c t\p — 49° 30'. The common combination is 
that of the prism and pyramid of the first order, 
'in (lOlO) and %> (1011), with the basal plane 
c ( 0001 ). 


HEXAGONAL FORMS OF LOWER SYMMETRY THAN THAT PRESENTED 
BY THE NORMAL TYPE. 

Tri-Pyramidal Groujp.—Apatite Type. 

This group is characterized by having a vertical axis of hex¬ 
agonal symmetry and one horizontal iDlane of symmetry. (Com¬ 
pare Figs. 189 and 190.) 

The characteristics of the group may be illustrated by apatite 
and vanadinite. 

Apatite (Figs. 207, 209 and210).—Axis c = 0.735. Angles^ hp 
= 37° 44' and G A p = 40° 18'. Fig. 207 represents a somewhat com¬ 
plex crystal, with the prisms of the first and second orders, m (1010) 
and a (llSO), terminated by the base c (0001), three pyramids of 
the first order, y (2021), p (lOll), and r (1012), a pyramid of the 



Pig. 207. Fig. 208. 


second order s (ll3l), and a hexagonal pyramid p (2101), known 
as % pyramid of the third order. 





190 


hexagonal system. 


A pyramid of the third order having the symbol (1233), but not 
so acute as the form fi, is represented by Fig. 208. It will be 
observed that the horizontal axes do not join the opposite solid 
angles, as in the pyramid of the first order (Fig. 191), nor the 
centers of opposite edges, as in the pyramid of the second order 
(Fig. 192). The simple crystals of apatite which are ordinarily 
observed (Figs. 209 and 210) do not appear to differ from forms of 
the normal group, but their peculiar symmetry can be revealed by 
etching with acid, as explained beyond under quartz (page 198). 



Fia. 209. Fig. 210. Fig. 211. 


Yanadinite (Fig. 211).—Axis c = 0.712. The figure illustrates 
A rather simple combination of a prism of the first order m (1010) 
and base c (0001), with a pyramid of the third order /< (2131). 

It should be observed that the form yu (2131) in this group is 
a hexagonal pyramid, while in the normal group a form with 
corresponding indices is a dihexagonal pyramid (Fig. 193). 

Hemimorphic Group.—lodyrite Type. 

This group is characterized by having a vertical axis of hex¬ 
agonal symmetry and six vertical planes of symmetry. The 
peculiarity of the crystals is the development of different forms at 
opposite extremities of the vertical axis, as illustrated by Fig. 212 
of the rare mineral iodyrite, and Fig. 213 of zincite. The pyramids 
of iodyrite are u (40J1) and n (40i3). 
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Fig. 312 . Fig. 213 . 


Ehombohedkal Forms of the Hexagonal System. 

In crystals of tills class the forms are referred to the hexagonal 
system of axes (Fig. 186), but the vertical axis c is one of trigonal 
and not of hexagonal symmetry. Many common minerals crystal¬ 
lize in this class, which is often designated as the rTiomboTiedral 
system. 

Forms of the Normal Mhomhohedral Ch'oup.—Calcite Type. 


The forms of this group are characterized by having a vertical 
axis of trigonal symmetry and three horizontal axes of binary sym- 



Fig. 314. Fig. 313. Fig. 216. 

metry (Fig. 214); also by having three vertical planes of sym¬ 
metry, 4, 5, and 6 (Fig. 190, p. 186). 

Rhombohedrons.—A rhombohedron (Fig. 215) is characterized 
by having six similar faces which are rhombs and correspond in 
their axial relations to the alternating faces of the hexagonal pyra¬ 
mid of the first order (Fig. 191). Rhombohedrons are designated 
as po.ntive (Pig. 215) when a face above is toward the observer, and 
negative (Fig. 216) when an edge above is toward the observer. 
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When the faces intercept the vertical axis at unity, the symbols 
of these forms are, respectively, (lOIl) and (Olll). Furthermore 
ihombohedrons are called obtuse ov flat when the solid ano-ies at 
the extremities of the vertical axis are obtuse, and acute or steep 
%yhen these solid angles are acute. Fig. 218 represents an obtuse 
and Fig. 221, an acute rhombohedron of calcite. They also have 
two kinds of solid angles ; those at the extremities of the vertical 
axis, where the plane angles of the faces are alike, and six others 
in which the plane angles of the faces are of two kinds, either two 
acute and one obtuse (Fig. 218), or two obtuse and one acute (Fio-. 
221). The edges axe of two kinds, six (three above and three be¬ 
low) running to the extremities of the vertical axis, and six going 
zigzag around the crystal. ^ 

f Scalenohedron.-This is a form (Fig. 217) having twelve sm tlar 
faces, six above and six below, corresponding in 
position to the alternating pairs of faces of the 
^ dihexagonal pyramid (Fig. 193). The faces are 
scalene triangles, hence the name scalenotiedron. 
The edges which meet at the extremities of the ver¬ 
tical axis are of two kinds, long and short, alter¬ 
nately disposed; while the six middle edges are 
alike, and run zigzag around the crystal, as in the 
Pig. 317 . rhombohedron (Fig. 215). Fig. 217 represents the 
scalenohedron (2lSl) which commonly occurs on calcite. 

Combinations.—-Pyramids of the second orders (Fig. 192), 
prisms m and a of the first and second orders (Figs. 194 and 195)| 
the dihexagonal prism (Fig. 197), and the basal plane c (0001) oc¬ 
cur in combination with rhombohedrons and scalenohedrons. The 
basal plane c when it truncates the top of a rhombohedron is an 
equilateral triangle (Fig. 223). 

Calcite (Figs. 218 to 233).—Axis c = 0.854. Angles r a r = 74° 
65' and c a r = 44° 36^'. This mineral presents a greater variety 
of habits than almost any other. Of the rhombohedral type the 
negative rhombohedrons e (0112) and f (02Sl) and the positive 
rhombohedron r (lOil) are the commonest. The angles of the neg- 
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ative rliombohedron li (03B2) are 91° 42'; lieace this form, -n-hen 
it occurs without modifications, closely resembles a cube. 



Fig. 333. Fig. 333. Fig. 334. Fig. 235. 



Pig. 330. Fig. 331. Pig. 233. Pig. 3,33. 

Fig. 222 is a combiuation of the two rhombohedrons r and /. 
Pigs. 223 and 224 are combinations of the acute rhombohedrons 
M (4041) and p (16.0.15.1) with the base c. The last figure bears a 
close resemblance to the combination of the prism m of the first 
order and base c (Fig 226). A prismatic type is common, the prism 
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being either long or short and usually of the first order, m (lOIO) 
The prisms are terminated by the base c, by rhombohedrons' 
most often e (Pig. 226), and by scalenohedrons (Figs. 232 and 233)' 
The scalenohedron most often observed is v (2131) (Pigs. 229 to 
233). The twinning-plane of Pig. 227 is r (Olll), and the vertical 
axes are inclined nearly 90° to one another. Pig. 230 is a twinned 
scalenohedron with the base as the twinning-plane. 

Corundum (Pigs. 234 to 236).—Axis c = 1.363. Angles r at = 
93° 56' and c A r = 57° 34'. Crystals of this mineral usually show 




the prism and pyramid of the second order, a (IISO) and n (2213), 
in combination with the base c (0001) and rhombohedron r (lOIl).' 

Hematite (Figs. 237 to 241).—Axis c = 1.366. Angles ?• a r = 
94 0 and e A r — 57° 37'. The rhombohedron r (loll) (Fig. 237) oc- 
casionaUy occurs without modification and resembles a cube, since 
its angles are near 90°. Crystals usually show combinations of the 



Fig. 240. Pja. 041. 

rhombohedron r with the base c and a pyramid of the second order, 
n (2243). Tery flat crystals (scales) are common with the basal 
plane c or flat rhombohedrons u (1014) or x (0.1.1.12) prominent. 
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Qhahazite (Figs. 242 and 243).—Axis e = 1.086. Angles r A r = 
86° 14'. The common form is the rhombohedron r (lOll), which 
closely resembles a cube. Fig. 242 represents this form in com- 
bination with the negative rhombohedrons e (0112) andy°(02Sl). 



Fig. 243. Pia. 243. 

Fig. 243 is a basal projection of Fig. 242 and shows the symmetri¬ 
cal development of the rhombohedral faces r, e, and/about the 
vertical axis. 

RHOMBOHEDRAL FORMS OF LOWER SYMMETRY THAN THAT 
PRESENTED BY THE NORMAL TYPE. 

HemimorpMc Group.—Tourmaline Type. 

The crystals of this group are characterized by having a vertical 
axis of trigonal symmetry and three vertical planes of symmetry. 

It is characteristic of crystals of this group that the faces at 
opposite extremities of the vertical axis are not alike. The forms 
occur on tourmaline (Figs. 244 to 247).—Axis c = 0.448. Angles 
V A r = 46° 62' and c A r = 27° 20'. The crystals of this mineral 



Fig. 244. Pio. 245. Fig. 346. Fig. 247. 


usually present the combination of the triangular prism m (lOlO) 
and the hexagonal prism of the second order a (1150), which are 
terminated above by the forms r (lOll), o (0231), and occasionally 
u (3251), and below by r (OlII), o (2031), and c (0001). 
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TrirTiowhohedral Group.—Phenaeite Type. 

The crystals of this group are characterized by having a verti¬ 
cal axis of trigonal symmetry and a center of symmetry, but 
no planes of symmetry. 

The forms which are especially characteristic are hexagonal 
prisms, usually a (llSO), and rhombohedrons of the first, second, 
and third orders. The three kinds of rhombohedrons correspond 
in their axial relations to one half of the faces of the hexagonal 
pyramids of the first and second orders (Figs. 191 and 192), and to 
one quarter of the faces of the dihexagonal pyramid (Fig. 193). 

PJieriaGite (Fig. 248).—Axis c = 0.661. The figure represents a 
prism of the second order a (1120), in combination with a rhombo- 
hedron of the third order x (2132;. 



Fig. 348. Fig. 349. 


Willemite (Fig. 249).—Axis c = 0.677. Here the prism of the 
second order a is in combination with two rhombohedrons of the 
first order, r (lOll) and e (0112), and a rliombohedron of the second 
order u (2II3). 


Dioptase (Figs. 250 and 261).—^Axis c = 0.634. The figures rep¬ 
resent combinations of the prism of the second order a, with a 



Fig. 250. 



rhombohedron of the first order s (02S1), and of the third order 
X (1341). 
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Ilmenite (Fig. 252).—Axis c = 1.3S5. The figure presents a 
combination of a rhombohedron of the first order r (lOil), and 
one of the second order n (22i3), with the base c (0001). 

Frapezohedral Group.—Quartz Type. 

The crystals of this group are characterized by having a vertical 
axis of trigonal symmetry and three horizontal axes of binary 
symmetry (Fig. 214), but no planes of symmetry. 

Quartz (Figs. 253 to 264).—Axis c = 1.100. Angles r /\r = 
85° 46', r /\z = 46° 16' and r /\ m 38° 13'. The forms which 
generally occur are the prism of the first order m (lOlO), and the 
positive and negative rhombohedrons, r (lOll) and ^ (Olll), often 
with the two last forms about equally developed (Figs. 253 and 

254) . An unequal development of these rhombohedrons (Fig. 

255) is also common. Although not indicated by their simple 



combinations, quartz crystals have a peculiar right or left 
symmetry. This is shown by the development of the form 
X (51 Cl), on the right-handed crystal (Fig. 256), and x (6l5l) on the 
left-handed crystal (Pig. 257). The form which the six x faces of 
one of these crystals would i)roduce is known as a trapezohedron. 
Its faces correspond in their axial relation to one quarter of the faces 
of the dihexagonal pyramid (Pig. 193). The right- and left- 
handed trapezohedrons having the symbols (21B1) and (3iSl) are 
shown by Pigs. 258 aird 259. These forms, like the right and left 
hand, are symmetrical with reference to a plane passed between 
them, but cannot by any turning be made to occupy the same 
position. In this group the form s (1121) (Fig. 256) develops as 
a triangular pyramid (Fig. 260), and has the same symbol as a 







198 


HEXAGONAL SYSTEM. 


pyramid of tlie second order of the normal group (Fig. 192). Pos¬ 
itive and negative acute rhombohedrons, M (3031) and Jf, (0331) 
(Pigs. 261 and 262), often occur. 

Twin crystals are very common, and are of a peculiar character. 


Fig. 258. Pig. 259. Fig. 260. 

The twinning-plane is usually the prism of the first order m,, so 
that the positive rhombohedron r of the crystal in the normal 
position coincides with the negative rhombohedron z of the crystal 
in the twinned position. The parts of the individual in the normal 
and twin position interpenetrate in a very irregular manner (Pig. 
262), and the twin character of the crystal is not usually revealed 
by its external form. Often, however, the faces of either the posi¬ 
tive or negative rhombohedrons are somewhat corroded (etched) 
(Pig. 262), and then the irregular lines of penetration between the 
r and z and the M and If, faces can be distinctly traced. 


Pig. 261. Fig. 262. Fig. 263. Fig. 264. 

Judging from the outward form alone, quartz crystals like Pigs. 
253 and 254 would appear to have the same symmetry as crystals 
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of the normal hexagonal tyi^e. This, however, is not the case, for 
if quartz crystals are subjected to the action of hydrofluoric acid 
artificial faces (corrosion or etching faces) are developed, which 
have a right- or left-lianded distiibution (Pigs. 263 and 264), corre¬ 
sponding to that of the x faces on Figs. 256 and 257. 


Okthorhombic System. 


In this system the forms are referred to three axes a, 5, and g 
at right angles to one another and of unequal lengths (Pig. 265). 
Any one of these may be chosen for the vertical axes c; the 
longer of the horizontal ones is then taken as S and is called the 
maaro-axis; the shorter, as a and is called the brachy-axis. 
For each substance crystallizing in the system the ratio lengths of 
the axes must be determined from the measurement of appropriate 
angles. In sulphur, for example, the axial ratio is a: i: o — 
0.813 :1: 1.903 (see p. 159). 
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Fig. 265. 


Fig. 266. 


Fig. 267. 


Forms of the Normal Group.—Barite Type. 

The crystals of this grouj) are characterized by having three 
axes of binary symmetry (Fig. 266) and three axial planes of sym¬ 
metry (Fig. 267). 

The forms are of three kinds, as follows: pyramidal, when 
tne faces intersect the three axes; prismatic, when the faces 
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intersect two axes and are parallel to the third; pinacoidal, 
when the faces intersect one axis and are parallel to the other 
two. 

Pyramids.—These consist of eigM similar faces, and the form 
with the simplest symbol, ^ (111) (Fig. 268), is called 
the unit pyramid. In snlphnr (Fig. 281) the form 
p (111) is shown in combination with a flatter 
pyramid s (113). Thus it will be noticed that on 
the same crystal there may be different pyramids, 
but under no-condition can there be more than eight 
faces of the same kind. 

Prisms. — These consist of four similar faces, 
Fie. 268. parallel to an axis; three kinds being possible, 
according as the faces are parallel to the c, the h, or the a axes. 




Pig. 269. Fie. 270. Pio. 271. 


'Yertical Prisms .—A prominent prism on a. crystal is commonly 
assumed to be the form m (110), which is known as the unit 
prism (Fig. 269). This form is a right rhombic prism, its four 
faces being at right angles to the terminal face c, but never at 
right angles to one another, since the a and 5 axes are not of 
eqnal length. 

Besides the unit prism, others may occur whose faces have 
such inclinations that they go from a to a multiple of 5, or from h 
to a multiple of a, and are parallel to c. One of these is illustrated 
by topaz (Figs. 289 to 293), in which I is the prism (120). 

Horizontal Prisms, or Domes .—When the prismatic forms 
are parallel to the horizontal axes they are conveniently desig¬ 
nated as domes. Fig. 270 represents the form (101), known as 
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the macro-dome, because it is parallel to the macro-axis h and 
Fig. 271, the form (Oil), called the hrac7iy-dome, because it is 
parallel to the brachy-axis a. Each of the ^macro- and brachy- 
domes has four similar faces. Domes are common forms which, 
on crystals illustrating combinations in this system, will often 
appear at one of the extremities as a pair of similar faces. For 
example, the two triangular faces r at the- extremity of Pig. 298 
are plhnes of the macro-dome (101). In .many instances the domes 
intercept the vertical axis at a multiple, or fraction, of its unit 
length, as illustrated by topaz (Figs. 290 to 293), in which the 
brachy-domes/and y have the symbols (021) and (041) respectively. 

Pinacoids.—Three pinacoids are possible, each 
consisting of two, similar, parallel faces. These 
forms, represented in Pig. 272, are the macro- 
pi.nacoid a (100), the hrachy-pinacoid b (010), and 
the base or basal pinacoid c (001). The faces of 
these three forms are at right angles to one another. 

Combinations.—The following examples will 
illustrate the great variety of habits which may 
result from the combinations of pinacoids, prisms, domes, and 
pyramids. It should be noticed that the forms with simple indiceg, 
a (100), b (010), c (001), m (110), and p (111), are prominent. 
The position in which the crystals are placed (the crystallographic 
orientation) is to a certain extent arbitrary, since any one of the 
axes of symmetry may be taken for the vertical axis c. 

Barite (Pigs. 273 to 277).—Axes a:b:c = 0.815 :1:1.314. An- 

Fig. 273. Fio. 374. jFis. 275. 


Fig. 376. Pi®- 3^7. 

gles m A = 78° 22'.and c A 0 = 52° 43'. The crystals commonly 
have the basal plane c prominent and are, therefore, tabular. The 
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prism m (110), the macro-dome d (102), and the brachy-dome 
c (Oil) are generally present. 

Celestite (Figs. 278 and 279) —Axes a-.b-.c = 0.779 :1; 1.280. 
Angles m = 50' and e A o = 52° O'. The crystals are often 

tabular like Figs. 273 to 275 of barite, and often they are 
lengthened out in the direction of the brachy-axis, having the 
brachy-dome o (011) prominent (Fig. 279). The prism m (110) and 



Fia. 278. 



the macro-dome d (102) are generally present, while I (104) occurs 
occasionally (Fig. 278). 



Fig. 280, 



Fig. 281. 



Fig. 282. 


Sulphur (Figs, 280 to 282).---Axes a\b :c — 0.813 : 1 :1.903 
Angles m A TO — 78° 14' and c A w = 62° 17'. A pyramidal habit, 
p (111), is common, often with the apex truncated by the pyramid 
s (113) or the base c. The brachy-dome n (011) is also often 
present. 

Sfibnite (Figs. 283 and 284).—Axes a-.b-.c = 0.992:1:1.018. 
Angles TO A TO = 89° 34' and c Ap = 65° 19. The crystals axe 
prismatic, with the prism to (110) and the brachy-pinacoid b (010) 
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prominent. They are often long and slender, and are generally 
terminated by the pyramidal forme^ (111), 5 (113), and r (343). 



Pig. 3S3. Fis, 284 


Arsenopyrite (Figs. 285 and 286). —Axes a : 5 : c = 0.677; 1:1.188. 
Angles m A 7ri = 68° 13' and e A S' = 49° 55'. A short prism m 
(110), terminated by the brachy-dome u (014), is the common 
habit. The brachy-dome q (Oil) terminating the prism is occa¬ 
sionally met with. 



Fig. 285. Fig. 286. 


CTialcocite (Figs. 28Tand 288).—Axes a:b:c = 0.582 :1: 0.970. 
Angles m Am = 60° 25' and c A = 62° 44'. The crystals are com¬ 
monly flat, with a striated basal plane c (001) and the brachy-dome 



Pig. 287. 



Fig. 288. 


S (021) prominent. The prism m (110), two pyramids j? (Ill) and 
7) (112), and the brachy-pinacoid & (010) are common forms. Twin 
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crystals are yery cominoii, and frequently imitate forms of tlie 
hexagonal system, as will be explained under aragonite (p. 206). 

Topaz (Figs. 289 to 293). — Axes : c = 0.628 :1 : 0.477. 
Angles m a m = 65° 43' and c Ajp = 46° 35', The crystals are gen¬ 
erally prismatic, with two prisms developed, m (ilO) and Z(]20). 



Fia. 289. 


Fig. 290, 


Fig, 291, 



Fig. 292. Fig. 298. 


The forms which usually occur at the terminations are the base c, 
the brachy-domes /(021) and y (041), the macro-dome d (201), and 
the pyramids o (221), p (111), and i (223). Doubly terminated 
crystals are rather exceptional. 

Chrysolite (Figs. 294 to 296).—Axes a:b: c ~ 0.466 : 1 : 0.686. 
Angles m f\m'=^ 49° 67' and c /\ p = 54° 15'. In the vertical zcno 



Fig. 294. Fig. 295. Fig. 296. 

the pinacoids a (100) and 5 (010) and the prism m (110) are usually 
present, and occasionally, also, a second prism s (120). The crystals 
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are terminated by the bracby-dome il- (021), tlie macro-dome d (101), 
the pyramid p (,111), and occasionally, the basal iilane c (001). 
Fig. 296 is a basal projection of Fig. 295, which shows the sym¬ 
metrical development of the orthorhombic forms when viewed in 
the direction of the vertical axis. 

Statorolite (Figs. 297 to 300).—Axes a\h : c = 0.473 :1: 0.688. 
Angle VI A vi = 50° 40'. The crystals are generally prismatic, with 
the prism m (110) and the brachy-pinacoid b (010) developed. 



They are terminated either by the base c (001), or a combination 
of c and the macro-dome r (101). Penetration twins are very com¬ 
mon; the prisms crossing either at nearly 90° when a brachy-donie 
(032) is the twinning-plane, or at nearly 60° when a pyramid (332) 
is the twinning-plane. 

Aragonite (Figs. 301 to 307).—Axes a\b\ c — 0.662:1: 0.721. 
Angles m AVI = 63° 48' and c A k = 35° 47'. Slender, needle-like 



Fig. 301. Fig. 303. Fig. 303. Fig. 804. 


crystals, either tapering to a point or with well-defined faces 
(usually the brachy-dome Tc (011)) at the extremity, are common 
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(Fig. 301). The indices of the steep pyramid i (661) and the brachy- 
dome j (0.12.1) are uncertain. Simple crystals (Fig. 302) show¬ 
ing the combination of the prism m, the brachy-iunacoid h, and 
the brachy-dome Ic are exceptional; while twins (Fig. 303), 
often polysynthetic (Fig. 304), are more often observed, the prism 
TO (llO) being the twinning-plane. A complex method of twinning 
and intergrowth is common, from which a form resembling a hex¬ 
agonal prism results. The character of these apparently hexagonal 
crystals may be explained as follows i The cross-section of a sim¬ 
ple crystal like Fig. 302 is represented by Pig. 305. Three indi- 


6 6 


Fia 305. 






Fig. 307. 


viduals I, II, and III (Pig. 306), each striated parallel to the brachy- 
axis, and crystallizing with their prismatic faces m as the twin- 
ning-planes, would diverge at angles of about 120°. Provided 
that each crystal penetrated beyond the center, a six-sided form 
would result, with the individuals meeting along the somewhat 
irregular lines of interpenetration (Pig. 307). The complex charac¬ 
ter of such twins is generally revealed by sti’iations on the basal 
planes, diverging as represented in Fig. 307, and also by small re¬ 
entrant angles. 


There is a tendency in a number of minerals having a prismatic 
angle of nearly 60°, to occur in complex twin crys¬ 
tals like those of aragonite, which imitate forms of 
the hexagonal system. 

Qerussite (Pig. 308).—Axes « : & : c=0.610:1: 0.723. 
Angle TO A m = 62° 46'. The figure represents 
a form with deep re-entrant angles, resulting from 
Fig. 308. the penetration of three individuals in twin posi¬ 
tion. (Compare Figs. 306 and 307 of aragonite.) Each crys- 
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tal has the brachy-pinacoid 5 (010) prominent, in combination 
with the prism m (110) and the pyramid (111). Occasion¬ 
ally twin crystals of cerussite occur without the re- /f\ 
entrant angles, when they may appear like a com- 
bination of the pyramid and prism of the hexagonal fY 
system. “ | ® 

Cli'Udrenite (Fig. 309).—Axes a:i:c = 0.778:1:0.526. 

Angle m A TO = 76° 46'. This example has been in- 
troduced to illustrate the combination of a pyramid Fi&. 309. 
s (121) in combination with the pinacoids a (100) and 5 (010). 


OKTHOEHOMBIC FORMS OF LOWER SYMMETRY THAN THAT 
PRESENTED BY THE NORMAL GROUP. 

HemimorpJdc Group.—Calamine Type. 

The crystals of this group are characterized by having one 
axis of binary symmetry and two planes of symmetry. The 
peculiarity of the crystals is that the forms at oppo¬ 
site extremities of the axis of symmetry are not 
alike. 

Calamine (Fig. 310).—Axes a:l>:e = 0.783:1:0.478. 
Angle TO A TO = 76° 9'. The combination of the 
macro-pinacoid a (100), the brachy-pinacoid 5 (010), 

Fig. 310. prism to (110), is terminated above by the 

base c (001) and the brachy- and macro-domes i (031) and t (301), 
while below the pyramid v (121) occurs. 

BpTienoidal Group.—Epsomite Type. 

Crystals of this group are characterized by hav¬ 
ing three axes of binary symmetry and no planes of 
symmetry. 

Epsomite (Fig. 311).—Axes a: 5: c=0.990:1:0.671. Fia. 311. 

Angle TO A TO = 89° 26'. The figure represents the prism to (110), 
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terminated above and below by two faces of the form z, baviug 
tbe symbol (111). The four z faces alone produce a form known 
as a sphenoid, similar to Fig. 65, p. 164. The faces correspond 
in their axial relations to the alternating planes of the ortho¬ 
rhombic pyramid (111) of the normal group. 

Monoclinic System. 

In this system the forms are ref erred to three axes, a, h and 
c of unequal lengths, with a and c intersecting at an acute angle 
p behind, while & is at right angles to a and c (Fig. 312). The 
axis b is called the ortho-axis, because it is at right angles to 
the other two; and a is called the clino-axis, because it is in¬ 
clined to the vertical axis c. For each substance crystallizing in 
this system the ratio lengths of the axes and the axial inclina¬ 
tion p must be determined from the measurement of appropriate 
angles. For gypsum the axial relation isa:b :c = 0.690 :1 : 0.412; 
P = 80° 42'. 

Forms of the Normal Group.—Gypsum Type. 

The crystals of this group are characterized by having one axis 
of binary symmetry (Fig. 313), which is always taken as the crys¬ 
tallographic axis b, and one plane of symmetry. The plane of 



symmetry (Fig. 314) is always supposed to occupy a vertical posi¬ 
tion, and the a and c axes are located in it. 

Monoclinio forms are of two kinds; either with four 

similar faces, or pinacoidal'mlh two parallel faces. It is con- 
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venient, however, to designate the forms according to their rela¬ 
tion on the axes : as 'pyramids^ when the faces intersect all three 
axes ; prisms or domes^ when they intersect two axes and are 
parallel to one ; pinacoids^ when they intersect one axis and 
are parallel to the other two. 

Pyramids.—The form (111) (Pig. 316) consists of four similar 
faces. These four faces really constitute a prism with its edges 
parallel to the direction a : c. The name pyramid is simply one of 
convenience for designating the j)articular kind of form which in¬ 
tersects the three*axes. A somewhat similar, but ditferent, and en¬ 
tirely independent form is (ill) (Pig. 316), also consisting of four 





similar faces. The solid represented by Pig. 317 is a combination 
of the two independent forms p (111) and o (111). It should be 
distinctly understood that no form in this system is more compli¬ 
cated than the ones just explained. The symbol may be less simple, 
for example (321), but the symmetry demands the existence of only 
four faces of the same kind. 

Prisms.—A prismatic form, consisting of four similar faces 
is commonly taken as the unit-prism m (110) (Fig. 318). Such a 



Fig. 318. 




Fig. 320. 


form is an inclined prism^ the two faces in front making equal 
angles with the terminal face c, but not angles of 90°. Besides 
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the prism (110) others occur, whose faces are so inclined that they 
go from a to a multiple of 5, or from 5 to a multiple of a, and 
I are parallel to g. Two prisms, m (110) and z (130), often occur on 
orthoclase (Fig. 328). 

Domes.—The form (Oil) (Fig. 319) has four similar faces 
which make an inclined prism. It is convenient to designate this 
form, however, as a clino-dome, so named because the faces are 
parallel to the clino-axis a. 

Owing to the symmetry of monoclinic crystals the form (101) 
‘dcmxs, a pair of similar faces. Fig. 320 represents two inde¬ 
pendent forms (101) and (101), called ortho-domes, in combination 
with a terminal face h. 

Pinacoids.—There are three forms, each consisting of two 
parallel faces (Fig. 321), which are especially 
important: the ortho-pinacoid a (100), the clino- 
pinacoid h (010), and the hase or iasal pinacoid 
c (001). The clino-pinacoid 5, which is parallel to 
the symmetry plane (Fig. 313), is at right angles 
to both the base c and the ortho-pinacoid a, 
while the two latter forms make an angle ivitli 
one another which is equal to the axial inclination /?. 

Combinations.—The following examples will illustrate some of 
the various habits which may result from the combination of mon¬ 
oclinic forms, and it should be noticed that it is possible in almost 
all cases, to orientate the crystals so that the symbols of their 
forms can be expressed by very simple indices. The prevailing 
forms are the pinacoids a (100), h (010), and c (001), the prism 
m (110), and the pyramid (111). 

Ghypsum (Figs. 322 to 325).—^Axes a-.h : c = 0.690: 1: 0.412; 
p = 80° 42'. Angles m A m = 6S° 30' andy> A p = 36° 12'. Crystals 
usually have the clino-pinacoid 6 (010) prominent, in combination 
with the prism m (110) and the pyramid p (111). The ortho-dome 
e (103) is often present. Twins are common, with the ortho-pina¬ 
coid (100) as the twinning-plane (Fig. 326). 

The arbitrary method of orientating a monoclinic crystal and 
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naming tlie forms is here brought to notice. The four faces of the 
so-called pyramid^, if placed vertically, could have been taken as 
the prism (110), when the m faces would most naturally be taken 
as the clino-dome (Oil). A crystal of gypsum thus orientated 



Fig. 333. Fig. S33. Fig. 324. Fig. 325. 


would, of course, have a different axial ratio than the one given 
above. The only form on monoclinic crystals which is actually 
determined by the symmetry is the clino-pinacoid I (010). 

Ortlioclase (Pigs. 326 to 329).—Axes a\l)\c = 0.658 :1:0.55S; 
fi = 63° 57'. Angles on A on = 61° 13', c ^ x — 5<d° 16', and c = 
80° 18'. The i^rominent forms are the prism ooi (110) and the piua- 



Fig, 336. Fig. 337. Fig. 828. Fig. 329. 


coids b (010) and c (001). A second prism z (130), the ortho-domes 
ic (101) and 0 / (201), and the pyramid o (Ill), are often present. A 
common kind of twinning consists of two individuals united with 
their J faces in common (Pig. 329). The twinning-axis is the ver¬ 
tical axis c. On the crystal in the normal position the base c 
slopes toward the front, while in the twinned individual it slopes 
toward the back. 

Pyroxene (Pigs. 330 to 336).—Axes a:b:o= 1.092 :1: 0.689 ; 
/3 = 74° 10'. Angles m Am = 92°50', p Ap = 48° 29', and s A s = 
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59° 11'. Prismatic crystals are common, tlie prisms m (110) being 
stoat, nearly rectangular Km, = 92° 50'), and generally truncated 
l)y tlie ortlio-pinacoid a (100) and tlie clino-pinacoid i (010). The 
crystals are variously terminated; the prevailing forms being the 
base c (001), the ortho-domes d (lOl) and n (102), and the pyramids 



Fig. 330. Fig. 331. Fig. 833. Fig. 333. 


f (111), « (221), s (ill), and o (S21). Pig. 334 is a basal projection 
of Pig. 333, and shows the symmetrical development of the mono¬ 
clinic forms on either side of the symmetry plane, intersecting the 



Fig. 834. Fig. 335. Fig. 336. 

crystal parallel to the face 6. Pigs. 335 and 336 represent the or¬ 
dinary development of crystals of angite, a variety of pyroxene 
common in volcanic rocks. 

AmpJiibole (Pigs. 337 to 339).—Axes a: 6 : c = 0.6S1: 1: 0.294; 

= 73° 68'. Anglesm A m = 55° 49' and r A r = 31° 32'. The crys¬ 
tals are commonly long and bladed, with the prism m (110) promi¬ 
nent, or apparently hexagonal (to A m = nearly 60"), when m and 
the clino-pinacoid h are about equally developed. A second prism 
e (130) and the ortho-pinacoid a (100) are often present. The 
crystals are generally terminated by the faces of the clino-dome 
V (Oil). 
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Fig. 337. Fig. 338. Fro. 339. 


Titanite or 8p7iene (Figs. 340 to 342).— Axes a ■. 5 : c = 
0.765:1; 0.854; ji = 60° 17'. Angles m A m = 66° 29', _p a= 43° 49', 
and. c A 2? = 38° 16'. The prism m (110) and the pyramid p (111) 



Fig. 340. Fig. 341. Fig. 342. 


are generally prominent, and in combination with the base c (001) 
and the ortho-pinacoid a (100). The very obtuse interfacial angles 
of Fig. 341 are conspicuous, from which the name spTiene, mean¬ 
ing a wedge, is derived. 

Epidote (Figs 343 and 344).—Axes a-.h'.c — 1.578 :1:1.804 ; 
yS = 64° 37'. Angles m hm =■ 109°56', n t\n = 70°29', and o Ar — 



Fig. 343. Fig. 344. 

63° 42'. The crystals of epidote generally have a somewhat un¬ 
usual development, being long in the direction of the symmetry, 
axis, owing to the prominence of the base c (001), the ortho-pina* 
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coid a (100), and the ortho-domes r (101) and i (I02). At the ends, 
the pyramids (111) is generally the most prominent form, while the 
other forms shown in Fig. 344 are the clino-pinacoid 5, the clino- 
domes o (Oil) and Ic (012), the prism m (110), and the pyramid(111). 

MONOOLINIC EORMS OF LOWER SYMMETRY TITAN THAT PRE¬ 
SENTED BY THE NORMAL GROUP. 

Two groups are recognized, but are, however, very rarely 
observed. One is hemimorphic, having an axis of binary symme¬ 
try but no plane of symmetry ; the other has a plane of symmetry, 
but no axis of symmetry. 

Tiholinic System. 

In this system the forms are referred to three axes^ a, 5, and 
c, of U7ieqnal lengths^ and^ intersecting at ohllqne angles^ 
and y (Fig. 345). The directions which are taken to represent the 
|c axes correspond to prominent crystallographic 

features, but otherwise are arbitrarily chosen. 
Any one of the axes may be taken as the 
vertical axis c, and of the lateral ones, & is 
the longer or macro-axis and a the shorter or 
Fig, 345. Irachy-axis- For each mineral crystallizing 
in this system, the ratio lengths of the axes and the inclinations 

/?, and y must be determined from the measurement of appro¬ 
priate angles. In axinite, for example, a : & : c = 0.492 :1: 0.480; 
and ^ = 82° 54', /? = 91° 52', and y = 131° 32'. 

Forms of the Normal Group,—Axinite Type. 

Crystals of this group have a center of symmetry, but neither 
planes nor axes of symmetry. Each form consists of tico sim¬ 
ilar parallel faces^ diametrically disposed with reference to a 
central point. 

Each form, since it consists of only two parallel faces, has the 
character of d^pinacoid'. It is convenient, however, to designate 
the forms according to their relations on the axes, as pyramids 
when they intersect the three axes, as prisms or domes when 
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they intersect two axes and are parallel either to the vertical or 
to one of the horizontal axes, and as pinacoids when they inter¬ 
sect one axis and are parallel to the other two. 

Pyramids.—The form (111) (Fig. 346) consists of two similar 
faces, and is designated as a pyramid for the sake of convenience. 
!'\;ur entirely diiferent forms are possible, each of which intersects 
T'.e axes at their xrnit lengths, (111), (111), (111), and (111) (Fig. 347). 



Fio. 346. FiCx. 347. . Fig. 348. 


No single form can be more complex than the one represented by 
Fig. 346. The symbol may be more complicated, for example 
(321), but the form can consist of but two faces. 

Prisms.—The forms on (110) and Jf (lIO) (Fig. 348) each consists 
of two similar faces, and the four jdanes constitute a triclinic 
prism, wdiose faces do not make equal angles with the terminal 
plane c. 

Domes.—If the forms are parallel to the 6 axis, for example, 
(101) or (lOl) (Fig. 349), they are called ; and if par¬ 

allel to the a axis, for example, (Oil) or (Oil) (Fig. 350), they are 
called lyraclioj-domes. 

Pinacoids.—When it is reasonable to do so, it is customary to 
select three prominent faces of a. crystal to represent the onacro- 



Fro. 349. Fig. 350. Fig. 351. 

pinacoid a (100), the lorachy-pinacold 5 (010), and the "base or 
basal pinacoid, c (001) (Fig. 351). These three forms are important, 
because their intersections determine the axial directions. , 
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Combinations.— The following illustrations will serve to show- 
some of the variations in habit which may result from the combi¬ 
nation of triclinic forms. Since the crystals have neither a plane 
nor an axis of symmetry, any face maybe taken as a pyramid, prism, 
dome, or pinacoid. In orientating a triclinic crystal the most 
important thing to be considered is the adoption of such a position 
that the prominent faces will have as simple indices as possible. 
It should be noticed, in studying the examples given below, that 
the crystals have been so orientated that, in most cases, the promi¬ 
nent forms are the pinacoids a (100), h (010), and c (001), and the 
prisms m (110) and M (IIO), all having very simple indices. 

Axinite (Fig. 352). — Axes a-.l) c = 0.492 : 1 : 0.480 ; a =. 

—82° 54', ft = 91° 52', and y = 131° 32'. Angles 

a /\ M = 28° 55', on A p = 30° 33', 
^ if m M Ar = 15'. Prominent forms are the two 

yMy—a '''y prisms m (110) and M (lIO), terminated by the pyra- 
“licls p (111) and r (111), and the macro-dome s 
Re. 352. (201). The exceptionally acute and obtuse angles 

of the crystal are conspicuous, whence the name axinite {dftivr]^ 
an axe). 

AZbite (Figs. 353 to 356).—Axes a-.h : c = 0.633 : 1 : 0.558 ; a = 
94° 3', ft = 116° 29', and y = 88° 9'. Angles h Ac = 86° 24', m a c 
= 66° 18', If A c = 69° 10', and on A M= 69° 14'. The crystals are 



Fie. 353. Pia. 354. 3 gg_ 



Fie. 356. 


commonly flat (tables) with the brachy-pinacoid & (010) prominent. 
Combined with this are the two prisms m (110) and iff (llO), the 
base c (001), and the macro-dome x (iOl). The pyramids o (Hi) 
and q (HI) are often present. Twins are common, often polysyn- 
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thetic (Fig. 366), the pinacoid I being the twinning-plane. The 
basal planes of polysynthetic crystals show a repetition of re¬ 
entrant and salient angles; and when the lamellae are numerous, 
as is often the case, the basal plane, or cleavage-surface, shows a 
series of fine striations (Fig. 87, p. 168). The similarity between 
albite and the closely related mineral orthoclase of the monoclinic. 
system (p. 211), may be seen by comparing their axial ratios and 
interfacial angles. 

Cyanite (Fig. 3,67).—Axes a : 6 : c = 0.899 :1: 0.709; 
a = 90° 6', p = 101° 2', and y = 1C6° 44'. Angles aM 
= 73° 66', a A c = 78° 80', 6 A c = 86° 46', and a A if= 

48° 18'. The crystals are generally long and bladed, 
owing to the prominence of the macro-pinacoid a (100), 
and are seldom terminated by distinct faces. 



Rhodonite^ variety Fowlerite (Fig. 858). — Axes a\h:c = 



l. 078:1:0.626 ; « = 103° 39', = 108° 48', and y = 

81° 65'. Angles c A « = 72° 30', a /\m = 48° 33', 

m. A if = 92° 49', c A m = 68° 25', and c a if = 
86° 41'. The crystals are commonly somewhat 
tabular, with the base o (001) prominent. The two 
prisms m (110) and if (llO) are common, Avhile the 


pyramids n (221) and k (22l) are usually subordinate. Kliodonite 


(to A if = 92° 49') is closely related to pyroxene (p. 210), in which 


TO A TO = 92° 60'. 


Chalcantliite {Blue Vitriol) (Fig. 359). — Axes 
a:b:c = 0.666 :1:1.066; « = 82° 21', /? = 73° 11', and 
y = 77° 37'. Angles a A l> = 100° 41', a ato = 30° 61', 
a aM — 26° 69', and to A i? = 62° 20'. The crystals 
commonly have the two pinacoids a (100) and b (010) 
and the two prisms to (110) and M (llO) prominent, 
and are terminated by the faces of the pyramid^ (111). 



Fxg. 359. 









218 , 


THE THIllTY-TWO CLASSES OF CRYSTALS. 


TRIOLINIC FOEMS OF LOWER SYMMETRY THAN THAT PRESENTED 
BY THE NORMAL TYPE. 

Triclinic crystals have been observed wliicli do not have a centei 
of symmetry, but no minerals belonging to this class are known. 
On the crystals, each form consists of a single plane, but the 
occurrence of any crystal face does not necessitate the existence 
of one parallel to it. 

jSTote Concerning the Systems of Crystallization. 

Although crystals are classified into six systems, according to 
their axial relations, each system is subdivided into groups with 
varying degrees or kinds of symmetry. Each of these subdivi¬ 
sions really constitutes a distinct class^ charactoiTzed by i\particu¬ 
lar kind of symmetry, which a substance crystallizing in that class 
will mmriahly show. Prom purely mathematical considerations 
it can be shown that there are thirty4wo possible classes to which 
crystals can be referred, and all but three of them have been ob¬ 
served either among minerals or artificially crystallized salts. 

The possible kinds of symmetry are shown in the table oppo¬ 
site. The references will serve to indicate tlie important classes 
which have been described in the foregoing pages. 

PSEUnOMORPHOUS CRYSTALS. 

Although the occurrence of a mineral in distinct crystals may 
generally be regarded as a proof of the homogeneous character and 
l)uiity of the material (p. 156), this is not always the case. A sub¬ 
stance may either undergo chemical alteration or be replaced by 
material of entirely different character without perceptible change 
in the crystalline form, and thus crystals result which have the 
form of one mineral and the chemical composition of another. 
Such crystals are known as pseudomorphs {ipevdr/s^ false, and 
juoptp^, form). 
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TABLE SHOWING THE SYMMETRY OF THE THIRTY-TWO CLASSES OF 

CRYSTALS. 


An asterisk denotes the absence of a Center of Symmetry. 


System. 

1 Class. 1 

Group. 

Pianes of 
Symmetry. 

Axes of Symmetry. 

# Hexagonal. 

^ Tetragonal. 

A Trigonal. 

41^ Binary. 

Greatest Number of Similar 
^ Faces Possible on a Crystal, 

! with Reference. 


1 

a 

o 

9 

^ ♦ 4 A 

48. Hexoctahedron, Fig. 113 


2 

PyritoLedral 

8 

3 ^ 4 A 

24. Diploid, Fig. 118 

a 

3 

Tetriiliedral* 

6 

3 ^ 4 A 

24. Hexakistetrahedron, F. 132 

o 

4 

* 

0 

34 ^ 4 A 6m 

24. Rare, cuprite 


5 

* 

0 

3 ^ 4 A. 

12. Rare, langbeinite 


6 

Normal 

7 

1 # 6 ^ 

24. Dihexagonal pyr., F. 193 


7 

Hemimorphic'^ 

6 

1 # 

12. Rare (p. 190) 


8 

Tri-pyramidal 

1 

1 # 

12. The i.t faces, Fig. 207 

H 

CD 

9 

* 

0 

1 # 6«i 

,12. Rare, artificial salts 

w 

10 

* 

0 

1 # 

6> Rare, neplielinite 


11 


4 

1 A 8 • 

12. Unknowm 


12 

Normal 

3 

1 A 3* 

12. Scaienohedron, Fig. 217 


13 

Hemimorpliic* 

3 

1 A 

6. The % faces, Fig. 247 

a CD 

0 .d 

14 

Tri-rliomboliedral 

0 

1 A 

- 6. Rhombohedron. The as 

^ o 





faces, Fig. 248 


15 

Trapezoliedral* 

0 

1 A 3* 

6. Trapezohedron, Figs. 






258 and 259 


16 

-jf . 

1 

1 A 

6. Unknown 


17 

* 

0 

1 A 

3. Rare, artificial salt 


18 

Normal 

5 

!♦ 4» 

16. Ditetragonal pyr., F. 146 

rd 

19 

45- 

4 

!♦ 

8. Rare, artificial salts 

a 

o 

20 

Tri-pyramidal 

1 

!♦ 

8. The 5 faces, Fig. 173 


21 

Sp.henoidai* 

3 

1S> %0 

8. The X faces, Fig. 185 

CD 

22 

-X- 

0 

1 ♦ 4* 

8. Rare, artificial salts 


23 


, 0 

1 ♦ 

4. Rare, wulfenite 


24 


0 


4. Unknown 

, d 
o 2 

25 

Normal 

3 

3 m 

8. Pyramid, Fig. 268 

^ a 

26 

HemimorpEic* 

2 

1 

4. The ^ faces, Fig. 310 


27 

Sphenoidal* 

0 

3 m 

4. The z faces, Fig. 311 

o o 

28 

Normal 

1 

1 • 

4. The j? faces, Fig. 322 

a ‘d 
o a 

29 

* 

0 


2. Rare, artificial salts 


30 

* i 

1 

None 

2. Rare, clinohedrite 


' 2 


a 


31 Normal 
82 ^. 


0 None 
0 None 


2. Tlie p faces, Fig. 852 
1. Rare, artificial salt 
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PSE0DOMOEPHOTJS CRYSTALS. 


PseudomorpTis by Chemical Alteration of the Original Material. 
—Crystals of pyrite, PeS„ by long exposure may become oxidized 
and hydrated, and partly or wholly converted into limonite (iron 
rust), Fe,0,(0H),. Thus pseudomorphs of limonite after pyrite 
are formed. A similar change takes place when iron rusts from 
exposure. If a discarded rusty tool is found, the character of the 
implement may generally be determined from the shape of the 
mass of iron rust, even though the steel has wholly disappeared, 
and so, from the shape of a pseudomorphous crystal, the nature 
and name of the original mineral may generally be inferred. 
Other illustrations are the change by hydration and loss or gain 
of magnesium oxide, of the silicates chrysolite, Mg^SiO,, and en- 
statite, MgSiOj, to serpentine, H^Mg^Si.O,. 

BMgjSiO, + 2H,0 less MgO = II.Mg,Si,0,. 

SMgSiO, +m.f>plus MgO = H,Mg,Si,0.. 

Pseudomorphs by Incrustation and Replacement. —Often crys¬ 
tals of fluorite become coated with quartz, and subsequently the 
former is removed by solution or other agency, and the space 
thus left vacant is wholly or partly filled by a deposit of 
quartz, thus producing pseudomorphs of quartz after fuoi'Ue. 
Another illustration is furnished by petrified wood. As the wood 
decays the sfiica which is dissolved in the percolating water is de¬ 
posited upon its fibers, often preserving the delicate structure 
of the wood in a remarkable manner. 

Pseudomorphs Resulting from, Molecular Change. — When 
molten sulphur is cooled, rather quickly, crj'stals belonging to 
the monoclinic system are formed, which cannot be jireserved at 
ordinary temperatures, because they undergo a molecular change 
to the orthorhombic modification (p. 202). Similar changes in 
molecular condition, without the addition or removal of chemical 
constituents, take place in nature, giving rise to pseudomorphs 
of calcite after aragonite, rutile after brooMte, amphibole after 
pyroxene, etc. These are also cUMAparamorphs. 
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Structure of Minerals. 

In describing tlie structure of minerals a number of terms are 
conveniently employed whicli will need a little explanation. 

Granular ,—When a mineral consists of an aggregate of crys¬ 
talline particles of about the same size, as marble and some varieties 
of galena. 

Compact, — Earthy .—A more or less linn consistency, resulting 
from a uniform aggregation of exceedingly minute particles, as 
kaolin (clay). 

Mas sire .—When a substance exhibits no crystal faces, although 
‘i may possess a crystalline structure. Massive materials (pieces 
of quartz, chalcopyrite, etc.) are more often encountered than well- 
crystallized specimens. 

Amorphous .—When no trace of crystalline structiu'e exists. 
There are not many minerals whicli are truly amorphous, and 
they are not always easily distinguished from massive materials. 
Opal, amber, and obsidian (volcanic glass) are good examples. 

Columnar ,—AVhen there is a parallel, or nearly parallel, group¬ 
ing of prisms or columns, as illustrated by some varieties of 
wollastonite and beryl. 

Fibrous .—A structure similar to the foregoing, but in which 
the individuals are exceedingly 
minute, as illustrated by some va¬ 
rieties of serpentine (Pig. 360), 
araphibole (variety asbestus), and 
gypsum. The fibers may often be 
separated or i:)ul]ed apart into fine 
shreds. Minerals possessing a fine 
fibrous structure usually have a silky luster ; hence fibrous gypsum 
is called satin-spar. 

FoliMed,--Wl\Bn. a mineral separates easily into plates, as in 
some varieties of serpentine and brucite. 

Micaceous.—A structure similar to the foregoing, but in which 



Fig. 360. 

Fibrous Structure.—Serpentine. 
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the material can be split readily into exceedingly thin sheets, as 
muscovite (common mica). 

Badiated .—When columns, fibers, or foliae diverge from cen¬ 
tral points, as in pectolite (Fig. 361); wavellite, and pyrophyllite. 

Reniform and Mammillary.—These, are terms applied to 
rounded masses, usually -with a smooth exterior, which have a re- 




Fia. 361. 

Kaduited Structure. —Pectolite. 


Fig. 362. 

Renifonn Structure,—Kidney-iron or 
Hematite. 


semblance either to a kidney or to mammse. They are illustrated 
by some varieties of hematite (Fig. 362) and malachite. 

Botryoidal and Globular .—These terms are applied to rather 
small rounded or spherical prominences, found in some varieties of 
smithsonite (Fig. 363), opal (hyalite) and other minerals. 



I'la- Fia. 364. 

Botryoidal Structure.—Smithsonite. Stalactitic Structure.—Limonite. 

Stalactitie .—AVhen the material occurs in pendants (icicle-like 
forms), as limonite (Fig. 364) and some calcite (cave-stone). Stalao 
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tites form in cavities. The material is deposited generally from 
dripping water. 


Cohesion Eelations op Mineeals. 

Cleavage.—Crystallized substances usually exhibit a tendency 
to break more readily in some directions than in others, often 
yielding smooth surfaces which resemble crystal faces. This prop¬ 
erty is known as cleavage. The directions of cleavage are always 
parallel to possible crystal faces, and usually to faces with simple 
indices. Cleavage is a separation parallel to the molecular planes 
composing the crystal (Pig. 51, p. 157), and is due to the fact that 
the forces which unite the molecules are weaker in certain direc¬ 
tions than in others. Some substances, such as calcite, gypsum, and 
mica, can be cleaved with great ease. Such cleavage is designated 
as perfect., and if the cleavage-fragment is held in an appropriate 
position, close to the eye, ^perfect reflection of distant objects will 
be obtained from its surface. In some minerals cleavage is poor., 
or can only be detected with difficulty. In studying minerals the 
ease with which cleavage can be produced and its direction, or its 
relation to the crystal form, should be carefully noted. Often the 
cracks in a crystal reveal both the presence and the direction of 
cleavage. To produce a cleavage, place the edge of a knife-blade 
or chisel on a crystal face, parallel to the direction in which the 
cleavage is supposed to exist, and strike a sharp, quick blow with 
a hammer. 

In the isometric system cleavage may he cuMc (Pig. 95, p. 1‘70, 
and Fig. 365), as in galena and halite ; octahedral (Fig. 96, p. 170), 
as in fluorite ; or dodecahedral (Fig. 97, p. 170), as in sphalerite. 

In the hexagonal system cleavage is designated as hasal or 
prismatic when parallel, respectively, to the faces lettered c or m 
(Pig. 194, p. 187). In the rhombohedral group it is often rhomho- 
hedral (Fig. 219, p. 193, and Fig. 366), as in calcite. This is char¬ 
acterized by being equal in three directions, but not at right angles 
to one another. 
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In the remaining systems cleavage is called hasal when it is 
in one direction, parallel to the terminal face e (001) in the figures 



Fig. 365. 

Cubic Cleavjige.—Gulena. 



Fig. 366. 

Hhombohedral Cleavage,—Caleite. 


pp. 179 to 317, illustrated by apophyllite in tlie tetragonal, topaz 
in the orthorhombic, and orthoclase in the monoclinic systems. 
Cleavage is pinacoidal when it is in one direction, parallel 
to the vertical pinacoids of the orthorhombic, monoclinic, or tri- 
elinic systems, as in stibnite (Fig. 383, p. 303) and gypsum (Fig. 
322, p. 211), where it is parallel to the faces 5 (010). In orthoclase 
(Fig. 326, p. 311) there is a perfect hasal cleavage parallel to c (0i)l), 
and a less perfect cleavage at right angles to it, parallel to the cllno- 
pinacoid h (010). A cleavage is designated as prismatic when 
produced with equal ease in two directions, pai’allel to the faces 
m (110) or a (100) of the tetragonal system (pp. 179 to 183), or paral¬ 
lel to the faces m (110) in the orthorhombic and monoclinic systems 
(pp. 200 to 213). Amphibole furnishes a good example of prismatic 
cleavage. 

Parting.—It is the case in some crystals that when they are 
subjected to strain or pressure there is apparently a slippinr/ or 
gliding of the particles along certain molecular jplanes. This is 
accompanied at times by an overturning of layers of molecules into 
the position which they would occupy in a twin crystal. By this 
process a weakness along these planes is developed, and the crys¬ 
tal rases part or break with smooth surfaces. This phenomenon is 
called parting and is distinct, though not always readily distin¬ 
guished, from cleavage, from which it differs in that it takes 
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place only where the molecular structure has been disturbed by 
pressure or other agency, while cleavage in a given direction can 
be produced as readily in one part of a crystal as another. 

Magnetite shows no perceptible cleavage, but specimens from 
certain localities show a perfect octahedral parting (Fig. 367). 



Pyroxene has a rather i^oor prismatic cleavage, but some crystals 
show twin lamelte very distinctly and ^parting parallel to the 
basal plane (Fig. 868). 

Fracture.—If a mineral has a poor cleavage, and separates or 
breaks almost as readily in one direction as in another, smooth, 
curved surfaces often result (Fig. 369). 

This l::nd of fracture is called conchoid 
dal^ from its resemblance to the curved 
surface of a shell. It is especially 
characteristic of amorphous substances, 
such as glass, and of minerals having a 
poor cleavage, such as quartz, while it 
may occasionally be observed on min¬ 
erals Avhich cleave readily, as calcite. 

Fracture is said to be uneven when 
rough, irregular surfaces are obtained; 
liacldy when a jagged, irregular surface like that of broken 
metal results ; and splintery when the substance breaks in 
splinters or needles. 



Fig. 369. 

Conclioidal Fracture.—Obsidian 
or Volcauic Glass. 
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Tenacity.— A mineral is said to be malleable when it can be 
beaten out into plates by hammering; sectile when it can be cut 
with a knife, so that a shaving results; flexible when it bends 
readily, but does not resume its shape when the pressure is re¬ 
lieved ; elastic when it bends and springs back to its original 
position. 

Hardness.— The hardness of a mineral, or the resistance which 
it offers to being scratched, is expressed in terms of a scale of 
hardness, consisting of crystallized varieties of the following ten 
minerals: 

Scale of Hardness. 

1. Talc. 3. Calcite. 5. Apatite. 7. Quartz. 9. Corundum. 

2. G-ypsum. 4. Fluorite. 6. Orthoclase. 8. Topaz. 10. Diamond. 

The hardness of a mineral is determined by drawing a point, or 
a sharp corner of it across smooth surfaces of the different min¬ 
erals in the scale of hardness until one is found which it will just 
scratch, while it will not scratch the next higher member in the 
scale. Thus if a mineral will scratch calcite but not fluorite its 
hardness will be between 3 and 4. 

It is generally a simple matter to determine the hardness of a 
mineral, but there are some cases where considerable care and 
judgment must be exercised. For example, a soft mineral may 
crumble when drawn across a harder one, especially when the sur¬ 
face of the latter is rough, and leave a marie, similar to that of 
chalk on a blackboard, which readily rubs off and must not be 
mistaken for a scratch. Again, it is difficult to obtain the correct 
hardness of minerals which crumble readily or crystallize in fine 
needles or scales, for when drawn across the surfaces of the minerals 
in the scale of hardness they break down and do not offer sufficient 
resistance to make a distinct scratch on materials which may be 
considerably softer. 

In determining the hardness of minerals a knife-blade will be 
found very useful. It will scratch apatite with some difficulty, 
but not orthoclase, and its hardness, therefore, is a little over 5. 
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With a little experience an approximation to the hardness of the 
softer varieties of minerals may be obtained by noting the ease 
with which they are scratched with a knife. The hardness of 
window-glass is about 5^, and some pieces of it will be found very 
useful. An ordinary brass pin will scratch calcite but not fluorite, 
and its hardness is, therefore, a little over 3. The finger-nail will 
scratch talc easily and gypsum with some difiiculty. 

Crystals exhibit varying degrees of hardness in different direc¬ 
tions, being softer parallel to a cleavage direction than at right 
angles to it. This difference, however, is usually not sufficiently 
great to be detected by the ordinary methods of testing hardness. 
Cyanite furnishes a striking example, for in the direction of 
cleavage (parallel to the longer axis of the splinters) it can be 
readily scratched with a knife, while at right angles to the 
cleavage the hardness is considerably greater than that of steel. 

Propehties Depending upon Light.'* 

Luster.—Tlie luster of minerals, or their appearance due to 
the reflection, absorption, or refraction of light, furnishes an im¬ 
portant means of identification, and is described by the follo'wing 
terms : 

Metallic .—Having the luster and appearance of a metal, like 
lead or copper. Under this head those minerals are included 
which are opaque, that is, those which are not at all transparent 
when their thin edges are examined in a strong light. The powder 
of an opaque substance is hlaclt. or very dark, because the small 
particles constituting it do not transmit any light; therefore this 
property may be usefully employed in detecting metallic luster. 
Pyrite and galena are examples of minerals with metallic luster. 

Suh-metalUc. —Dark-colored minerals which lack the true luster 

* Though fully appreciating the importance of the application of polarized light in 
the study of crystals and the identification of minerals, it has seemed best not to include 
these methods in the present work. For a description of them the student is referred 
to Idding’a translation of Rosenbusch’s Mikroskopwche Phymgraphie der petrogTaphueh 
molitigen Mimralien or to Dana's Text-hook of Mineralogy, 
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of a metal are called sub-metallic. Such substances are generally 
slightly transparent in loery thin splinters and give dark powders, 
although the colors are considerably lighter than those of the com- 
pact minerals. Chromite, limonite, and some of the dark varie¬ 
ties of sphalerite are examples of minerals with sub-metallic 
luster. 

Transparent minerals are here included. If col¬ 
orless, white, or light-colored they will give white powders, and if 
of decided colors their powders will be of lighter shades than 
those of the compact minerals. For example, a dark-green epidote 
yields a very pale green powder. 

Transparent minerals exhibit the following kinds of luster: 
Vitreous, like the luster of glass. Adamantine, like the luster of a 
diamond. Minerals possessing this luster have a certain hrilliancy, 
due to the strong refraction of light, i. e., they have a high index of 
refraction. Adamantine luster may be observed on some of the 
hard minerals used as gems and on cerussite and other transparent 
salts of lead. Eesinous, or having the appearance of resin, as 
shown by transparent varieties of sphalerite. Greasy or oily, as 
if the mineral had a thin coating of oil over it, as shown by some 
specimens of serpentine and massive quartz. Pearly, like the 
luster of mother-of-pearl. This is due to the interference of light 
in minute cracks (Newton’s rings). It may usually be observed 
on crystal faces parallel to which there is a perfect cleavage, as on 
the basal planes of an apophyllite crystal. Silky, like a skein of 
silk. This may be observed on minerals which have a fine fibrous 
structure. 

Streak.—The streak of a mineral is the color of its powder. 
Provided the material is not too hard, this may be quickly de¬ 
termined by rubbing it on a piece of white, unglazed porcelain, 
and noting the color of the powder, or mark, which is left. Pieces 
of unglazed porcelain, called streak-plates, are made especially for 
this purpose. 

Color.—The color of minerals is a property which should be 
''aref ully considered. A mineral with metallic luster will always 
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show the same tone of color provided fresTi, unaltered ma¬ 
terial or a freshly broken surface is examined. Thus, the color of 
chalcocite is steel-gray and of bornite brownish-bronze. On ex¬ 
posure to the air and light, however, the surfaces of minerals with 
metallic luster may become dull or tarnished and present quite a 
different appearance from that of the fresh material. For example, 
chalcocite becomes black, and a fresh surface of bornite tarnishes 
to a purplish tint in less than a day. A mineral without metallic 
luster has always a definite color provided it contains a constituent, 
like copj)er, iron, or chromium, which has the property of coloring 
its compounds. Thus, copper minerals are generally green or blue, 
those containing iron and chromium generally green, though of 
different shades, while chromates are red or yellow. Often, how¬ 
ever, the color of a mineral with non-metallic luster is ■earm&Ze, as 
illustrated by fluorite, which is colorless, yellow, pink, green, and 
violet, or by tourmaline, which ranges from colorless, or white, 
through varying shades of pink, green, blue, and brown, to black. 
The causes for the variation in color of some minerals cannot be 
detected, since it takes such minute quantities of certain materials 
to impart color to minerals. In a few cases the color disappears 
ui^on the application of heat, and is supposed to be of the nature 
of an organic pigment. In the majority of cases, how^ever, varia¬ 
tion in color is due to the admixture of some isomorphous con¬ 
stituent which has the property of absorbing light. For example, 
the diopside variety of pyroxene, CaMg(Si 03 ) 5 , is colorless, but 
pyroxenes containing the isomorphous iron molecule CaFe(SiO,) 
vary from light to dark green, depending upon the amount of iron 
which they contain. As explained on p. 7, the variations in the 
color of sphalerite, from colorless, or nearly so, when pure ZnS, 
through brown to black, depend upon the amount of the iso¬ 
morphous iron sulphide molecule FeS which the mineral contains. 

Frequently a mineral is colored by some foreign constituent 
with which it is mechanically mixed. Thus jasper is quartz col¬ 
ored red or brown by an admixture of either hematite or h'monite. 
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Properties Depending upon Heat. 

Fusibility.—The ease with which substances fuse, or their de¬ 
gree of fusibility^ admits of approximate determination, and is of 

great assistance in the identification 
of minerals. In testing fusibility, 
splinters of nearly uniform dimen¬ 
sions should be employed, and pieces about 
1.5 mm. in diameter (Fig. 370) may be as¬ 
sumed as the standard size. The splinter 
should be held in the platinum forceps so 
that its end projects beyond the metal, then 

Fig. 370. heated as shown in the figure. Provided its 

Method of holding a frag- ^ ^ ^ ^ ^ 

inent of Standard Size edges do not become rounded, a much finer 

grerof Tiisiiliity! splinter or a fragment with a very thin edge 

should be tested before deciding that the material is infusible. 
The fusibility of a mineral is determined by comparing its fusi¬ 
bility with that of a fragment of the standard size from the fol¬ 
lowing scale: 

Scale of Fusibility, 



1. Stibnite^ 


Sb.S^. 


% OTialcopyrite, 
OuPeS,. 


3. Almandine 
Garnet,, 
Fe,Ab(SiOd3. 


A rather large fragment fuses easily in 
a luminous lamp or gas flame. Fusible in 
. a closed glass tube below’- a red heat. 

A fragment of the standard size fuses 
rather slowly in a luminous lamp or gas 
flame. A small fragment fuses in a closed 
glass tube at a full red heat. 

A fragment of the standard size fuses 
readily to a globule before the blowpipe. 
In a luminous lamp or gas flame only the 
very finest splinters or thinnest edges are 
.rounded. 


* With the exception of chalcopyrite the scale here adopted is that of Von Kohell, 
who made use of natrolite as No. 2. Natrolite, however, seems poorly chosen, foi* the 
range between stibnite and natrolite is considerable, while between natrolite and garnet 
the difference is slight. 
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The edges of a fragment of the standard 

4. Actinolite, j size are readily rounded before the blow- 
Ca(Mg,re),(Si 03 ),. pipe. A much finer splinter is easily 

fused to a globule. 

The edges of a fragment of the standard 

5. OrtJioclase, \ 'with difficulty before the 

KAlSi 0 . "I It is only when very fine sj)linters 

are employed that the material can be fused 
to a globule. 

6. Bronzlte, Only tlie finest points and tliinnest edges 

(Mg,Fe)Si 03 . become rounded before tlie blowpipe. 

Glowing.—Some minerals gloio, or emit a bright light, when 
heated intensely before the blowpipe. This is a property of in¬ 
fusible substances, and the oxides of calcium, magnesium, zirco¬ 
nium, and thorium possess it in a marked degree. Fragments of 
calcite CaCO^, brucite Mg(OH)„ and zircon ZrSiO,, glow when in¬ 
tensely ignited. The Auer von Welsbach light is obtained by heat¬ 
ing a mantle of thorium oxide with a Bunsen-burner liaine. 

Phosphorescence.—Some minerals when gently heated become 
luminous and emit light for a longer or shorter period. This 
property, known as 'pliospliorescence^ may be tested by heating 
fragments of a mineral in a closed tube, and best in a dark room. 
Many varieties of fiuorite phosphoresce beautifully, with purple or 
green light. Some minerals phosphoresce when they are struck or 
rubbed ; others after they have been exi)osed to sunlight or to an 
electric discliarge. 

Pyroelectricity.—Some minerals when they undergo a change 
of temperature become electric and have the property of attract¬ 
ing light bodies. This iDroperty, known pyroelectricity^ is esj^e- 
cially characteristic of liemimorpliic substances, i. e., those Avhich 
show an unlike 'development of crystal forms at opposite extremi¬ 
ties of an axis of symmetry (p. 164). Two kinds of electricity are 
always developed, positive at one end and negative at the other. 

To detect pyroelectricity a crystal, held in the platinum forceps, 
is heated gently (not much above 100° C.), and as it cools it is brought 
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near some small bits of tissue-paper, wliicli will be attracted. A 
cat’ 3 bflir wliicb bas been rubbed between tlie fingers and become 
positively electrified is excellent for detecting pyroelectricity, foj 
it will be attracted to tliat end of the crystal where negative elec 
tricity prevails, and repelled by the other. A hair for this purpose 
may be fastened to a cork by means of sealing-wax and kept in 
a vial. Another very beautiful method is tried with a mixture ol 
about equal volumes of red oxide of lead and flowers of sulphur. 
.The mixture is kept in a vial, over the mouth of which two or 
three thicknesses of fine bolting-cloth are tied, so that the powder 
may be sifted out slowly. When agitated, the red oxide of lead 
becomes positively, and the sulphur negatively electrified, so that 
when the mixture is dusted upon an electrified body the red 
oxide of lead will be attracted to that part where there is negative, 
and the sulphur to where there is positive electricity. Experi¬ 
ments in pyroelectricity may be made with the lighhcolored 
varieties of tourmaline or with crystals or fragments of calamine. 
Generally the experiment succeeds best when a rather small 
fragment is employed. 

Peopeeties Depending upon Weight. 

Specific Gravity.—The specific gravity of a substance is the 
ratio of its weight to the weight of an equal mlume of water. 
For example, quartz has a specific gravity of 2.65, and is, there¬ 
fore, two and sixty-five hundredths times heavier than water. 

Specific gravity is a definite property of all minerals which 
show no variation in chemical composition, and, when carefully 
determined, can be used to great advantage as a means of identifi 
cation. There axe, however, several conditions which must be 
carefully considered. 

1. It is of the utmost importance that the material should be 
'pure. If it is not, there is little or no advantage to be gained by 
taking its specific gravity. 

2. A pure, transparent fragment of a mineral will apparently 
have a somewhat higher specific gravity than a piece which is full 
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of cracks, as the cracks contain air which tends to make the min- 
eral lighter. Air can generally be expelled from cracks by boiling 
the fragment in water for some minutes, when an accurate deter¬ 
mination may be made. 

3. It is difficult and often impracticable to obtain the coiTect 
specific gravity of porous, earthy, and fine fibrous, or scaly, min¬ 
erals because of the air which they confine. Moreover, the 
chances of their containing impurities are also great and must be 
taken into consideration. 

4. Minerals which show a variation in chemical composition 
may exhibit considerable range in specific gravity. This is espe¬ 
cially true when there is an isomorphoiis mixture of two molecules 
with widely different molecular weights, as in the case of the 
niobate and tantalate of iron, explained on p. 7. In such cases, 
however, the specific gravity determinations may have great value, 
as furnishing a means of approximately determining the propor¬ 
tions of the isomorphoiis constituents. 

In the tables for the determination of minerals, pains have been 
taken to give, as accurately as possible, the specific gravity of the 
<pure crystallized varieties of each mineral. Variations from these 
figures should be small, provided the material that is tested is 
pure and its specific gravity is taken correctly. 

The usual method for taking specific gravity is to weigh a sub¬ 
stance in air and then when immersed in water. The difference in 
these values is the weight of a quantity of water eqiuil to the 
volume of the substance, for a body when immersed in water is 
buoyed up by a vreight equal to that of the water displaced. If 
Wa is the weight of a substance in air and Ww its weight when 
immersed in water, its specific gravity is found by dividing Wa 
by Wa - Wio. 

For very accurate determinations the weights should be taken 
on a chemical balance. The material is first boiled in water for 
some minutes to expel the air, then allowed to cool in the water 
to the temperature of the room. It is then conveniently placed 
in a wire basket, suspended from the arm of a chemical balance 
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by a very fine platinum wire (Fig. 371), and the weight in water 
determined, from which the weight of the empty basket in water 

should be deducted. The material is then 
weighed, after being thoroughly dried. 
For practical purposes corrections for 
temperature may be neglected, for they 
will be trifling if the weighings are made 
at the temperature of an ordinary living- 
room. 

For quick results in the identification 
of minerals, the following simple methods 
will be found convenient and sufficiently 
reliable for all ordinary purposes. 

The Spring or Jolly Balance.— Witlx 
this apparatus (Fig. 372) the relative 
Pig. 371. weights of a substance are determined 

S”/t; by tie dretoh ot a spiral 
weigiiiug substances g-nriug:. Two pans are 

side,) carried at the lower end of 

tlie spring; the upper one c being in the air 
and the lower one d in water which is in a 
glass resting upon the sliding platform B, The 
stretch of the spring is read from a scale which 
is engraved tiiDon a mirror fastened to the upright 
A. A white porcelain bead at m serves as a mark 
for noting the position of the spring with refer¬ 
ence to the scale. It is evident that in order to 
make these readings correctly, the eye must be 
on the same level as the bead. This is accom¬ 
plished by bringing the eye into a position wdrere 
the top of the bead and its reflection in the mirror 
coincide. The pans being empty and the lower 
one d being suspended in the water near the 
bottom of the glass, the position of the bead m 
is noted on the scale, = a?. A fragment of mineral, sufficient 
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to stretcli the spring somewhat more than one half the length 
of the scale, is then placed in the upper pan and the platform 
lowered until the spring comes to rest, the pan d occupying- 
the same relative position in the water as before, when the 
position of the bead is again noted, = y. Hence y — x the 
weight in air. The fragment is now transferred to the lower pan, 
and the platform raised until d occuiiies the same position in the 
water as before, when the position of the bead is again noted, = 
Hence y — zi^ the loss of weight in water ^ and the weight in air 
divided by the loss of weight in water gives the specific gravity. 

The Beam Balance ,—This is a simple piece of apparatus (Fig. 
S73) which can be easily constructed. The beam of wood is sup¬ 



ported on a fine wire, or needle, at 1} and must swing freely. The 
long arm "be is divided into inches and tenths, or into any decimal 
scale, commencing at the fulcrum 5 ; the short arm carries a double 
arrangement of pans, so suspended that one of them is in the air 
and the other in water. A piece of lead on the short arm serves to 
almost balance the long arm, and, the pans being empty, the beam 
is brought to a horizontal position, marked on the upright, near c, 
by means of a rider d. A number of counterpoises are needed, 
which do not have to be of any specific denomination as it is their 
position on the beam and not their actual weight which is recorded. 
Most handy are bits of bent wire which may be used as shown at 
A. The beam being adjusted by means of the rider cZ, a frag¬ 
ment of mineral is placed in the upper pan and a counterpoise 
is chosen, which, when placed near the end of the long arm, will 
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bring it into a horizontal position. Tire weight of the mineral in 
air, Wa, is given by the position of the counterpoise on the scale. 
The mineral is next transferred to the lower pan, and the same 
counterpoise is brought nearer the fulcrum & until the beam 
becomes again horizontal, when its position gives the weight of the 
mineral in water, Wio. Wa divided by Wa — Ww gives the spe¬ 
cific gravity. 

The balance has been repeatedly tested with pure materials, and 
the variation from determinations made oh a chemical balance has 
never exceeded two iu the second jfiace of decimals. It is reliable, 
quick, and sufficiently accurate for all ordinary uses. 

The Heaty Solution. —By treating 50 grams of mercuric iodide 
and 40 grams of potassium iodide in a porcelain dish, or casserole, 
with a little water, and evaporating until a crystalline crust begins 
to form, about 30 cubic centimeters of a yellowish-green solution are 
obtained, which has a specific gravity of about 3.15. This may be 
cleared by filtering, diluted with water to any extent, and the 
dilute solution may be brought to its maximum concentration by 
evaporation. It will keep indefinitely without decomposition, pro¬ 
vided a few drops of mercury are added to it. It is veiy poison- 
ous. In determining the specific gravity of a mineral by means of 
the heavy solution, a fragment is placed in it, and then, by adding 
water cautiously, the specific gravity of the solution is lowered 
until it becomes exactly eqvMl to that of the mineral, when the 
fragment Avill remain suspended in any position, neither sinking 
nor floating. The specific gravity of the solution may then be 
taken by some of the methods described beyond. 

The Westphal Balance. —This consists of a metal beam (Pig. 374) 
with its long arm from I to li divided into tenths. A glass sinker r 
loaded with mercury, is suspended from h by means of a fine plati¬ 
num wire, and the apparatus is so constructed that, with the sinker 
in air, the beam-pointer can be brought to zero on the scale s by 
means of the set-screw o. Four wire riders w are needed, of such 
a weight that one of them, when hung at li, will bring the beam- 
pointer to zero when, the sinker is immersed in water. There are 
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also needed two lighter riders, one iV and the other of the unit 
weight. When the sinker r is immersed in the heavy solution the 
riders are applied, as illustrated in the figure, until the beam- 
pointer stands opposite zero. The two unit-nidL&c^ at the end and 



Fig. 374. 


Westpbal Balance for Taking the Specific Gravity of Liquids. 

one at 6 on the beam indicate a specific gravity of over 2.6. The 
and yhy- riders, both at 5, furnish the second and third figures 
from the decimal point and indicate that the specific gravity 
of the solution is 2.655. 

The beam-balance (Fig. 373) may also be employed. A sinker 
similar to r (Fig. 374) is suspended from a position marked by a 
notch near the end of the long arm. By putting shot in the pans 
and using the rider d the beam is brought to a horizontal position 
with the sinker r in air. The sinker is then immersed in the heavy 
solution and a weight is selected, which, when placed near the 
end of the beam, will bring the latter to a horizontal position. 
The i)osition of this weight gives relatively the weight of the 
heavy solution displaced by the sinker. After washing, the sinker 
is immersed in water, and the same weight is placed nearer the 
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fulcrum until the beam becomes horizontal. The position of this 
weight gives relatively the weight of the water displaced by the 
sinker. The larger weight divided by the smaller gives the desired 
specific gravity. 

It may often be found convenient, in the identification of a gem, 
to use the heavy solution for comparing an unknown with a known 
mineral, as follows : A stone supposed to be beryl 
and a known crystal of beryl are placed together 
in the heavy solution, and water is added to deter¬ 
mine whether they sink and float together, i. e., 
whether they are identical in sjiecific gravity. 

The heavy solution may also be used for obtain¬ 
ing a mineral in a state of purity wdien mixed with 
others of different specific gravity. The material is 
pulverized and sifted to a uniform grain, tiien intro¬ 
duced into the heavy solution. The sjiecific gravity 
may then be adjusted, first so that everything 
heavier than the desired mineral will sink, and then 
so that everything lighter will float. The separa¬ 
tion can be most readily accomjilished in the appa¬ 
ratus shown in Fig. 875. 

Besides the potassium mercuric iodide solution, 
which is the cheapest, and also the easiest to pre- 

Fig. 375» 

Separately Funnel, pare and to manipulate, tlie following have proved 

* ygpy x^seful: methylen iodide,* CHJ^, with a maxi¬ 
mum specific gravity of 3.32, and acetylen tetrabromide,t CHBr,— 
CHBr„ with a specific gravity of 3.01, both of which may be diluted 
with benzol; and barium mercuric iodide,j: with a maximum 
specific gravity of 3.55. The double salt, silver thallium nitrate, § 
melts at 75° C., giving a clear liquid with a maximum specific 
gravity of over 4.5, which may be diminished to any desired extent 
by adding hot water. 

* R. Branus, Jahrbuoh filr Mlneralogie. 1886, Vol. 11, p. 72. 

f W. Muthman, Zeitsebrift far Kiystallograpbie, 1898, Vol. XXX, p. 73. 

- t C. Robrbach, Jabrbucb far Mineralogie, 1888, Vol. II, p. 186. 

.1 far Mineralogie, 1893, Vol. I, p. 90; Author, Am. Jour, 

or bcL, 189o, Vol. L, p.*446. 




CHAPTEE VI. 


TABLES FOR THE DETERMINATION OF MINERAL SPECIES BY MEANS 
OF SIMPLE CHEMICAL EXPERIMENTS IN THE WET AND DRY WAY 
AND BY THEIR PHYSICAL PROPERTIES. 

Introduction to the Tables. 

In the G-Ei'^ERAL Classification of the tables (p. 245) minerals 
are divided into two groups: I, with metallic or sub-metallic 
LUSTER ; II, without METALLIC LUSTER. According to the ex¬ 
planations on pp. 227 and 228 this division depends upon the fact 
whether the minerals are opaque and give UacTc or darJc streaks, 
or transparent and give white or light-colored streaks. Since, 
whether the luster shall be considered metallic or non-metallic is, 
at times, wholly a matter of judgment, pains have been taken to 
place many minerals whose luster might be considered doubtful 
in both sections. A further subdivision of each group depends 
upon whether a mineral is fusible or infusible. The directions 
given on pp. 33 and 230 concerning fusion must here be carefully 
considered. In making the test, the degree of fusibility and per¬ 
haps some behavior, such as flame coloration, may be recorded, 
which will be of service in the identification of the mineral. Each 
section is then further subdivided, the divisions being based upon 
some chemical constituent which may be readily detected, or upon 
the behavior with acids. 

In the tables p. 246 et seq., the two vertical columns at the left 
give, respectively, the General Characters of groups of minerals 
and the Specific Characters of individual species, based, in most 
cases, upon simple blowpipe or chemical reactions. In the vertical 
columns headed Species the names of the minerals are given ; and, 
since the tables are intended to include all of the minerals which 
are recognized as distinct species, this number is necessarily large, 
amounting to nearly 800 names. To facilitate the identification of 
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a single species feom tMs large number tlie names are printed in 
three ways. Those in capitals indicate common minerals, tliat is, 
the ones which are found abundantly and are useful in the arts, 
or as ores of the metals, or are important geologically as con¬ 
stituents of rocks. Those in Fuii-faoed Type indicate minerals which 
are valuable or important, bat which do not occur often enough 
or in sufficient quantity to be considered as common. Names in 
small type indicate rare minerals. It will probably be found that 
usually out of one hundred specimens to be identified fully 
seventy-five will be the common minerals, printed in capitals, 

with perhaps twenty intermediate and five rare. 

In the remaining columns the following important properties 
are recorded: Chemical Composition, pp. 3 to 9; Color, p. 228; 
Streak, p. 228; Luster, p. 227; Cleavage and Fracture, pp. 223 to 
225; Hardness, p. 226; Specific Glravity, p. 232 ; Fusibility, p. 230; 
Crystallization, pp. 155 to 219. 

METHOD OP USIMG THE TABLES. 

The way in which the tables are used may be illustrated by the 
following examples: 

Oelestite .—Referring to the G-eneral Classification on p. 245 and 
examining the mineral, it will be seen that it is without metallic 
luster, and therefore belongs in G-roup II. A small fragment heated 
in the forceps before the blowpipe fuses rather readily, about 3.5 
according to the scale of fusibility (p. 230), thus determining the 
mineral to be in Section B. It should be noted that a red coloration 
was imparted to the flame, indicating, according to the table of 
flame coloration on p. 136, probably either strontium or lithium. 
The mineral is not to be found in Parts I and II under B, because 
when its powder is fused with sodium carbonate on charcoal it 
does not yield a metallic globule, and when fused alone it does not 
yield a black, magnetic mass. It must, therefore, be in the 
remaining Part III. It may readily be proved to be in Division 1 
under Part III, for when a fused fragment is placed on moistened 
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turmeric-paper, it shows au alkaline reaction. Further, a test-tube 
trial will show that the mineral is insoluble in water, and hence is 
in section J on page 273. Eeferring to that page the first section 
under General Characters comprises carbonates^ which dissolve in 
hydrochloric acid with effervescence. A test-tube trial of some of 
the powdered mineral under examination indicates that it is very 
insoluble in acids, and therefore not a carbonate. That the mineral 
belongs to the next section which comprises sulphates may readily 
be proved by fusing a little of it with sodium carbonate and 
charcoal-powder, and thus obtaining a mass which gives a dark 
stain when placed on moistened silver. The mineral, moreover, 
gives no water in the closed tube, and is difficultly soluble in 
boiling, dilute hydrochloric acid, as shown by a previous experi¬ 
ment made when testing for a carbonate. Under Specific Charac¬ 
ters, the crimson flame coloration, tried best on platinum wire as 
directed on p. 35, determines the mineral to be celestite^ strontium 
sulphate, SrSO,. The physical properties given in the horizontal 
section should correspond: Color, colorless or white; Luster rit- 
reous ; Cleavage of two kinds, perfect in one direction, hasal^ and 
less perfect in two directions, prismatic^ so that a form like Fig. 
273, p. 201, may be produced; Hardness 3 to 3.5, the material 
scratches calcite and is readily scratched by fluorite; Specific 
gravity 3.97 ; Fusibility 3.5, which was determined at the outset; 
Crystallization, orthorhombic^ crystals being perhaps like Figs. 278 
or 279, p. 202. If the specific gravity had been taken at the begin¬ 
ning it would have served to distinguish celestite from all the 
other minerals in Division 1, 5, pp. 273 and 274, for there are none 
which come at all close to 3.97. 

Chromite. —The color of this mineral is black, and the powder, 
or streak, is dark brown; hence the luster may be considered as 
sub-metallic, and the mineral classified in Group I, p. 245. At 
the beginning, the hardness may be determined as between 
5 and 6, and the specific gravity as 4.6. When heated before the 
blowpipe there is no indication of fusion ; the mineral is therefore 
in Section B. Division 1, under B, includes minerals containing 
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iron, wMcli become magnetic after beating, but if a trial is made 
it will be found that the mineral does not become magnetic. In 
Division 2 the minerals containing manganese are included. A 
test made with borax in the oxidizing flame, as directed, gives a 
bead which is yellow when hot and yellowish green when cold. 
This does not indicate manganese, but is a decided reaction for 
chromium, as may be seen by referring to the table of reactions 
obtained with borax on p. 148. Since the mineral fails to give re¬ 
actions for iron and manganese, it must belong in Division 3—Not 
belonging to the foregoing divisions, p. 256. Referring to this page 
in the column General Characters, the mineral cannot be in the 
first section because of its hardness. It is, however, in the second 
section, since the borax-bead test, previously made, has indicated 
the presence of ehromium. This reaction, as well as the determi¬ 
nations of hardness and specific gravity, agree with chromite, 
Fe0r,0, = FeO.Cr,0,. A test for iron may be made with the 
magnet after fusion with sodium cai’bonate on charcoal, as directed 
under Specific Charactei’S. Had the chromite been considered as 
being without metallic luster. Group II, p. 245, it would have been 
found under C, Division 5, h, p. 298. 

Precautions in the Use of the Tables.—The system adopted 
in the construction of the tables is that of eliminating one group 
of minerals after another until a species is found, whose properties, 
as given in the table, correspond to the mineral that is being 
tested. The process of elimination and identification is based 
largely upon a series of chemical tests which, in almost all cases, 
give an insight into the character of the material. There is dan¬ 
ger, however, that one may become so absorbed in following the 
tables mechanically, with the sole idea of determining the name of 
the species, as to whoUy lose sight of the importance of making a 
careful study of the chemical reactions and physical properties of 
the minerals. It should be distinctly understood that little or 
nothing is to be gained by simply determining the name of a 
mineral. The chief aim should he to obtain a thorough knowl¬ 
edge of the chemical composition, physical properties, and gen- 



PRECAUTIONS IN THE USE OP THE TABLES. 


243 


eral appearances and associations of a mineral^ not only that 
Us itses and relations may he understood^ hnt also that it may he 
easily recognized^ and identified when again encoimtered. 

The general plan and arrangement of the tables must be ad¬ 
hered to rather closely, for if they are applied in the reverse direc¬ 
tion, that is, haclmards^ they may not lead to the desired result 
For example, if a mineral has metallic luster, is fusible, and gives 
a reaction for sulphur, it does not necessarily belong to Division 5 
under I, A (p. 245), for most of the minerals containing arsenic 
(Division 1) and antimony (Division 4) also contain sulj)hur. It 
is, therefore, not correctly determined as belonging to Division 5 
until i^roof has been obtained, not alone of the presence of sul¬ 
phur^ but also of the ahsence of arsenic and antimony, as well as 
of the rare elements selenicum and tellurium (Divisions 2 and 8). 

The tables are adapted to the determination of pure minerals. 
If it is thought that a mineral is not xmre the nature of the im¬ 
purity must be taken into careful consideration. Thus, for ex¬ 
ample, many minerals are associated with calcite, CaCOg. If some 
of this is included in material that is being tested it will cause a 
slight effervescence with acids and an alkaline reaction when the 
ignited material is ajoplied to moistened turmeric-pax3er, although 
both reactions are xu’obably entirely foreign to the mineral whicii 
it is ch'sired to determine. The best and almost the only rule to 
guide one in such cases is ^ judgment. It would be imxiossible 
to devise blowpiiie methods to meet the contingencies arising 
from the various mixtures of minerals. The one thing of the 
rery utmost importance is the assurance of the purity and homo¬ 
geneous character of a mineral. Since, in most cases, only a very 
little material is required for the necessary tests, by careful selec¬ 
tion enough can generally be secured in a pure condition. 

EECORD OF MINERAL TESTS. 

A careful record should be keiit of all tests as they are made, 
it may be found convenient to record them, together with the 
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pliysical properties, upon 'blan'ks similar to tie accompanying 
sample. It is not intended tliat every test for wliicli a space lias 
been allotted should be made, but a convenient place has been fur¬ 
nished where the prominent blowpipe reactions may be recorded, 
provided tests in the closed or open tubes or with the fluxes, etc., 
have been made. 


EECOKD OE MINERAL TESTS. 

Structure.... 

System of crystallization... 

Cleavage or fracture...... 

Luster. Color..... . 

Streak. Hardness...... Sp. Gr, 

Fusibility. Flame color... 

Effect of acids and reactions with the solution. 


Closed tube. 

Open tube. 

Alone on charcoal... 

With fluxes on charcoal. 

With fluxes on platinum wire. 
Miscellaneous.. 


KAME. COMPOSITION. 

Per ceot of chief constituents... .., 

Mode and place of occurrence.......... 

Associations... •.. 

Uses .... .. 

Number. Pate. 

* Fifty of these blanks, bound in book form, may be obtained from the publishers. 
50 cents, ntt. 

































(Page 246.) 

ANALYTICAL TABLE 


SHOWING THE 

GENERAL CLASSIFICATION 

OF 

MINERALS. 


abbreviations used in the text of the tables. 


Amorpl}... Amorphous. 

Approx... Approximately* 

B. B.Before the blowpipe. 

Botryoid.. Botryoidal. 

0. Cleavage. 

Capill.... Capillary, 

Cl. Class. 

Colum..,.. Columnar. 

Cryst. Crystalline; in crystals. 

Birec.Direction. 

F.Fracture. 

Fig. Figure. 

Fol.., Foliated. 

Fus. Fusibility. 

C-ran.Granular. 

H.Hardness. 

HCl.... ... Hydrochloric acid. 

HNOs_Nitric acid. 

H 2 SO 4 . Sulphuric acid. 


Hemimor, Hemimorphic. 

Hexag.... Hexagonal. 

Hex. Hh.. Hexagonal Ehomboliedral. 
Iiicrust.... Incrusting; incrustation. 

Isom.Isometric. 

Isom. Pyr. Isometric Pyritohedral. 


Isom. Tet. Isometric Tetrahedral 

iso. w-Isomorphous with. 

Mamm..,, Mammillary. 


Mammill., Mammillary. 

Mass. Massive. 

Mouocl... Monoclinic, 

NaaCOs. .^jSoclium carbonate. 

Oct. Octahedral. 

O.F.Oxidizing flame. 

Orthorh.. Orthorhombic. 

fev .Perfect; referring to cleavage. 

Pinac .... Pinacoidal; in one direction. 
Prism.... Prismatic. 

Pseudom.. Pseudomorphous. 


Pyram_Pyramidal. 

Radiat.... Radiated. 

R.F.Reducing flame. 

Sp. Gr.... Specific Gravity. 

Sph. Sphenoidal. 

Tabul_Tabular. 

Tar.Tarnish. 

Tetrag.... Tetragonal. 

Tet. Sph., Tetragonal Sphenoidal. 

U.Usually. 

Yol.Volatile. 


N.B.—The chemical symbols of the elements, together with the valences which they 
ordinarily exhibit in mineral combinations and their atomic weights, will be found in 
Chapter III. Reactions of the Elements,” pp. 41 te 134. 
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^ Success in using the following tables tlepemls wholly upon locating 

initial reactions^ as given in this €rEJ^.EMAL 


^ mineral with certainty in the group to which it belongs; hence it is evident that the 
9 should he tried with the utmost care. 


In testing the solubility of minerals the importance of using very fine powder^ ground in an agate mortar, can not he overestimated. 


L WIINERALS WITH METALLIC OR SUB-METALLIC LUSTER. 

Note.—-M inerals liaving metallic laster are opaque; lienee tlie color of tlieir powder, or tlieir 
sifeah, is dark, tliougli not necessarily black (p. 227). The minerals with sub-metalHc luster which 
are included in this section all give dark-colored streaks. Many dark-colored minerals whose luster 
is doubtful have been placed here, and also in Section II. 

A.—FUSIBLE FROM 1—5, OR EASILY VOLATILE, 

PAGE 

1. Roasted in the open tube, or B. B. on charcoal, give a volatile sublimate of Arsenious 


Oxide (p. 48), Compare Antimony, Section 4. 24 g 

2. Roasted in the open tube, or B. B. on charcoal, give the characteristic radish-like odor of 

Seleniuin, Impart an azure-blue color to the reducing flame (p. 107).. 247 

3. Treated in a dry test-tube with 3 cc. of concentrated II 2 SO 4 and gently heated, the acid 

assumes a reddish-violet color characteristic for 'JOelliiriiiin (p. 124) . 248 

4. Roasted in the open tube, or B. B. on charcoal, give a dense white sublimate of Oxide of 

Antimony (p. 44). The sublimate is less volatile than that of arsenic.. 249 

5 . Roasted in the open tube, or B. B. on charcoal, give the odor of Sulphurous Anhydride 

(p. 118), but do not give the reactions of the preceding divisions. 251 

6 . Not belonging to the foregoing divisions.. .... 253 

B.—infusible; or fusible above 5, AND NON-VOLATILE, 

1. Become magnetic after heating B, B, in the reducing flame, Iron (p. 84). 255 

2. A minute quantity of material imparts to the boras bead in O. F. a reddish-violet color, 

Manganese . 256 

3. Not belonging to the foregoing divisions.... .. 256 


IL MINERALS WITHOUT METALLIC LUSTER, 

Note.— Minerals without metallic luster are transpictreni, although they may have such a dark 
color that they transmit light only through very thin edges. The color of their powder, or their streak! 
is generally 'white or light-colored, neiier hlackX^, 228). 


A,-EASILY VOLATILE/or COMBUSTIBLE. 

1. Rapidly disappear when heated B. B. on charcoal. Only a few minerals behave thus.. 258 

B.—FUSIBLE FROM 1—5* AND NOM-VOLATILE, OR ONLY SLOWLY OR 

PARTIALLY VOLATILE. 

Fart I,—Give a 3IMTALLIC GLOBUI/E on charcoal, 

1. Fused B. B. on charcoal with sodium carbonate give a globule of Silver (p. 113).. 259 

2. Fused B. B. on charcoal with sodium carbonate and charcoal dust give a globule of Zead 

and a coating of Lead Oxide (p, 87)......... 259 

8. Fused B. B„ on chai’coal with sodium carbonate and charcoal dust give a globule of Bismuth 

and a coating of Bismuth Oxide (p. 54)..... .... 262 


PAGE 


4. Fused B. B. on charcoal with sodium carbonate and charcoal dust give a globule of Anti^ 

mony and a coating of Antimony Oxide (p. 44). 263- 

6. Fused B. B. on charcoal with a mixture of equal parts of sodium carbonate and borax give a 
globule of Gopper (p, 73). T)ie powdered mineral on charcoal, after moistening with 
hydrochloric acid, imparts an azure-blue color to the blowpipe fiame. 263- 


Fart II.—Become Magnetic after Heating before the blowpipe in the 

reducing fiame, Iron, 

1. Soluble in hydrochloric or nitric acid without perceptible residue, and without yielding gela¬ 

tinous silica upon evaporation. Mostly Sulphates, Arsenates and Fhosphates. 26& 

2. Soluble in hydrochloric or nitric acid and yield gelatinous silica on evaporation, or are decom¬ 


posed with the separation of silica, Silicates ... 269 

3. Insoluble in hydrochloric acid. 270 


Fart III .—Do HOT give a metallic globule, and do ^HOT become magnetic. 

1. Give an alkaline reaction on moistened turmeric-paper after intense ignition before thehlmepipe, 

held either in the forceps or, if very easily fusible, in a loop on platinum wire. Salts 
of the Alhali and Alkali^earfh Metals. 

a) Easily and completely soluble in water. .. 271 

V) Insoluble in water, or difficultly or only partly soluble. 273 

2. Soluble in hydrochloric acid, but do not yield a jelly or a re.sidue of silica on evaporation. 

Mostly Arsenates, Fliosphates and Borates .. 275 

3. Soluble in hydrochloric acid and yield gelatinous silica on evaporation. Soluble Silicates. 

a) In the closed tube give water. 278 

h) In the closed tube give little or no water. 279 

4. Decomposed by hydrochloric acid with the separation of silica, but without going wholly into 

solution and without giving a jelly on evaporation. Becomposable Silicates. 

a) In the closed tube give water. 281 

h) In the closed tube give little or no water... 283 

5. Insoluble in hydrochloric acid. Mostly Insoluble Silicates ...... 288 


C.— INFUSIBLE, OR FUSIBLE ABOVE 5. 

1. Give an alkaline reaction on moistened lnni\eTic-ig&i:)ev after mie7ise igiiiiion befo7'e iJie blow¬ 

pipe. Salts of the Alkali-Dearth Metals . . • 289 

2. Soluble in hydrochloric acid, but do not yield a jelly or a residue of silica on evaporation. 

Mostly Carbonates, Sulphates, Oxides, Hydroxides and Fliosphates . 290 

3. Soluble in hydrochloric acid and yield gelatinous silica on evaporation. Soluble Slliciltes. 294 

4. Decomposed by hydrochloric acid with the separation of silica, but without going wholly into 

solution and without giving a jelly on evaporation. Becomposable Silicates. ..... 295 

5. Insoluble in hydrochloric acid. 

a) Hardness less than that of glass or steel. Can be scratched by a knife ... 296 

h) Hardness equal to or greater than that of glass. Can not be scratched by a kmfe„ 298 
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I. MmSEALS WITH METALLIC OR SUB-METALLIO LUSTER. 

/^.—Fusible from 1-8, or Easily Volatile. 

Division l.-Arsenic Compounds, in part. 



246 I. minerals with METALLIC OR STTB-METALLIC LUSTER. 246 

A.—Fusible from 1^5, or Easily Volatile. 

Division 1. — Arsenic Compounds. When heated befoie the blowpipe on charcoal, a white coating of arsenioiis oxide deposits at a considerable distance from the assay, and a garlic-like odor 
of arsenic is often obtained, p. 48. Of other reactions for arsenic, roasting in the open tube is especially recommended, and, in some cases, heating in the closed tube gives decisive results. 

K. B. The minerals in this division are chiefly the arsenides and suLpliarseniies of the metals, p. 47. 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Streak. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 
zation . 

B. B. volatile without fusion. 

In the closed tube gives a sublimate of arsenic. 

Arsenic. 

As. 

Tin-white. 

Tar. dark gray. 

Gray. 

C. Basal, pe7\ 

3.5 

5.7 

Vol. 

Hex. Eh. 

U. gram 

B. B. oil charcoal fuses, and 
gives a white coating of oxide 
of antimony. 

In the closed tube gives a sublimate of arsenic, 
leaving a fused globule of antimony. 

Allemontite. 

As with Sb. 

Tin-while. 

Tar. gray. 

Gray. 

C. Basal, per. 

8.5 

6.20 

1 

Hex. Eh. 

U. gran. 

Contain lead. —With NaaCOs on 
charcoal give globules of lead 
and a coating of lead oxide. 
Oxidized by concentrated 
HNO 3 with the separation of 
lead sulphate. 

Distinguished by crystallization and specific 
gravity. 

Sartorite decrepitates strongly. 

Sartorite. 

PbS.AsjS,. 

Lead-gray. 

Bark brown to 
black. 

0. Basal, 

F. Conclioidal. 

3 

5.40 

1 

Ortiiorh. 

Dufrenoysite. 

gPbS.ASaSs. 

Blackish-gray. 

Dark-brown to 
black. 

C. Basal, per. 

3 

5.56 

1 

Monocl. 

Quite rnianite. 

SPbS.AsjSs? 

Bluish-gray. 

Black. 

P. Uneven. 

3 

5.9 

1 

Massive. 

Jordanite. 

4PbS.ASiS3. 

Blackish-gray. 

Black. 

O. Piuacoidal. 

P. Uneven. 

3 

6.40 

1 

Monocl. 

Contains silver.—'With NaaCOs 
on charcoal in 0. F., gives a 
globule of silver. 

The dilute HNO 3 solution assumes a blue color 
when treated with ammonia in excess {copper). 

Pearceite. See 
polybasite, p. 250. 

9(Ag,Cu)2S.As2S3. 

Sb iso. vv. As. 

Black. 

Black. 

F. Conchoidal. 

3 

6.15 


3Ionocl. 

Contain copper and sulphur .— 
Boasted on charcoal, then 
moistened wiih HCl and again 
ignited, give a blue or green 
fiame. The HKO 3 solution is 
rendered blue by addition of 
ammonia in excess. When 
roasted in an open tube the 
odor of sulphur dioxide is 
evolved. 

In the HNOs solution, ammonia produces a 
rather abundant precipitate oi ferric hpdro.rid€. 

Epigenite. 

4Cu2S.8FeS.As2S3? 

Steel-gray. 

Black. 

F. Uneven. 

8.5 

j 

1 

2? ■ 

Orthorh. 

Contain little or no iron. Distinguished by 
physical properties. 

Enargite is easily cleavable, the others are not. 

Enargite. 

SCiLjS. AsqSs, 

Grayish-black 

Gray-black. 

C. Prism., per. 
P. Uneven. 

3 

4.44 

1 

Onhorh. 

U. cryst. 

Temantite. See 

ietrakedrite, p. 
250. 

4 CU 2 S.AS 2 S 3 . 

Ag 2 > 2 iiL and Fe iso. \v. 
Cu.^; Sb iso. -w. As. 

Blackish-gray. 

Black to deep 
cherry-red. 

F. LTneven. 

3-4 

4.6 

1.5 

Isom. Tet. 
Cryst. & 
Mass. 

Binnite, 

SCuaaSAsjSs. 

Iron-black. 

Black. 

F. Conchoidal. 

2.5-3 

4.47 

1.5? 

i 

Isometric. 

Lautite. 

CuAsS. 

Iron-black. 

Black. 

C. not distinct. 

3 

4.9 

l.or! 

1 

Prismatic, 

1 

Contain copper^ reactions as 
above, but no sulphur, 

1 

1 

Distinguished by physical properties. All ex¬ 
hibit a brownish tarnish on exposed surfaces. 

Domeykite. 

CusAs. 

Steel-gray. 

Gray. 

F. Uneven. 

3-3.5 

7.0 

I 2 * 

Massive. 

Alf^odoiiite. 

CUeAs. 

Steel-gray. 

Gray. 

P. Uneven. 

4 

7.6 

1 

1 ^ 

Massive. 

Whitneyite. 

CuoAs. 

Silver-white. 

Silver-white. 

Malleable. 

F. Hackly. 

3.5 

8.5 

3 

Massive. 

Contain cobalt. — Give to the 
borax bead a sapphire - blue 
color. The concentrated HKO 3 
solution generally shows a del¬ 
icate rose color, thus distin¬ 
guishing the cobadt from the 
nickel minerals on the next 
page. 

With potassium iodide and sulphur, on char- 
coal, give the reaction for bismuth, p. 55 , § 2 . 
Distinguished by dilferences in crystallization. 

Alloclasite. 

Co(As,Bi)S. 

Fe. iso. w. Co. 

Steel-gray. 

Black. 

C. Prism.,per. 
F. Uneven. 

4.5 

6 6 

2 ? 

jOrtiioib. 
U. Colum. 

Bismutosmaltite. 

Co(As,Bi) 3 . 

Tin-white. 

Black. 


6 

6.92 

3? 

Isometric. 

Give a sublimate of arsenic in the closed tube, 
and contain little or no sulphur. 

Compare ^ p. 247, wliich often 

contains siiliicient cobalt to give a blue color to 
the borax bead. 

Smaliite. 

CoASa. 

Fe and Ni iso. w. Co. 

Tin-white. 

Black. 

C. Ociabedral. 
F. Uneven. 

5. D— 6 

6.3-6.5 

2.5 

1 

Isom.Pyr. 

Satfiorite. 

C 0 AS 2 . 

Fe iso. vv. Co. 

Tiu-white. 

Tar. dark-gray 

Black. 

0. Piuacoidal. 
F. Uneven. 

4.5-5 

6 .9-7.3 

2.5 

Orthorh. 

Skutterudite. 

COxASs. 

Tin-white to 
lead-gray. 

Black. 

F. Uneven. 

6 

6.75 

2.5 

Isom.Pvr. 

■ 1 

Give reactions for both sulphur and arsenic in 
the open tube. In the closed tube a sublimate 
of arsenic is not formed except upon intense 
ignition. 

Cobaliite. 

CoAsS. 

Fe iso, w. Co. 

Tin-white,with 
reddish tone. 

' Black. 

C. Cubic. 

F. Uneven. 

5.5 

6 - 6.2 

2-3 

IsoimPyr 

Glaucodof. 

(Co,Fe)AsS. 

Grayish-white 

. Black. 

■ C. Basal. 

F. Uneven. 

5 

5.95 

2-3 

Orthorh. 


Division 1. ^Arscn*c Compouiuls. —Concluded on next pnge. 
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I. MINERALS WITH METALLIC OR SHB-METALLIC LUSTER. 

A.—Fusible from 1—5, or Easily Volatile. 

Divusiojsi 1.—Arsenic Compounds.—Concluded. 


General Cbaracters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Streak. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli- 

2 atioii. 

Contain Impart to the 

borax bead a reddish-brown 
color. Give apple - green- 

colored solutions when dis¬ 
solved in HNOa, which be¬ 
come blue when diluted and 
treated with ammonia in ex¬ 
cess. (This reaction for nickel 
must not be confounded with 
the more intense blue which is 
produced when solutions^ con¬ 
taining copper are similarly 
treated.) 

Give a sublimate of arsenic in the closed tube, 
and contain little or no sulphur. 

Chloanlhite. 

NiAsa. 

Fe and Co iso. w. Ni. 

Tin-white. 

Black. 

C. Octahedral. 
F. Uneven. 

5.0-6 

6.4-6.8 

2 

Isom.Pyr. 

Rammelsber^ite. 

NiAsa. 

Tin-white,with 
reddish tinge. 

Black. 

C. Prismatic. 

F. Uneven. 

5.5-6 

6.9-7.2 

2 

Orthorh. 

On intense ignition in the closed tube gives a 
slight sublimate of arsenic. 

Compare JBreithaupiite, p. 250. 

Nlccoliie. 

(Copper Nicltel.) 

NiAs. 

Sb and S iso. \v. As. 

Pale copper- 
red. 

Brownish- 

black, 

F. Uneven. 

5-5.5 

7.5 

2 

Hexag. 

U. mass. 

Gives reactions for both sulphur and arsenic in 
the open tube, but contains no anlimony. In 
the closed tube a sublimate of arsenic is not 
formed except upon intense ignition. 

Gersdorfife. 

NiAsS. 

|Fe and Co iso. w. Ni. 

Tin-white. 

Black, 

C. Cubic. 

F. Uneven. 

i 

5.5 

5.8-6,2 

2 

Isom. Pyr. 

Give reactions for sulphur, antimony, and arsenic 
in the open tube. 

Corynite. 

incAs.SbIS. 

Tin-white. 

Black. 

F. Uneven. 

4.5—5 

6.0 

2 

1 isometric* 

Wolfachite. 

Ni(As, 8 b)S. 

Steel-gray. 

Black. 

C. Prismatic. ■ 
F. Uneven. 

4.5 

6.6 

2 

Orthorh. 
U- colum. 

Contain iron. — B. B. fuse to 
strongly magnetic globules. 
The dilute HNO 3 solution, 
when treated with ammonia in 
excess, yields a reddish-brown 
precipitate of hmic ferric ar¬ 
senate. 

Gives reactions for both arsenic and sulphur in 
the open tube. Gives an abundant sublimate 
of arsenic in the closed tube. 

ARSENOPYRITE. 

(Mispickel.) 

FeAsS. 

Occasionally Co iso. w. 
Fe. 

Silver-white. 

Black. 

C. Prismatic. 

F. Uneven. 

5 . 5 -c 

6 - 6.2 

i 

2 

Orthorh. 
U. cryst. 
Page 203. 

Contains no, or only a trace of, sulphur. Massive 
varieties can be identified with certainty only 
by means of a quantitative chemical analysis. 

LQlliiigite. 

FeAsa. 

Silver-white. 

Black. 

C. Basal. 

F. Uneven. 

5-5.0 

7.2-7.3 

2 

Orthorh, 

Leucopyrite. 

FesAs 4 . 

Silver-white. 

Black. 

F. Uneven. 

5-5.5 

6 .9-7.1 


Massive. 

Contains platinum.-—Koa.sted in the open tube, at first very gently, a platinum 
sponge is left, which is insoluble in any single acid. Fuses readily to a globule 
when heated rapidly on charcoal Test for platinum as directed on p. 103. 

Sperrylite. 

PtASa. 

Tin-white. 

Black. 

F. Conchoidal 

6-7 

10.60 

2 

Isom.Pyr, 


Division* 2. — Selenium Compounds* —When heated before the blowpipe on charcoal, the characteristic radish-like odor of selenium is obtained, and the reducing fiame is tinged a beautiful 
azure-blue, p. 107. 


N.B.—The minerals in this division are mostly the aelenides of the metals. None of them are of common occurrence. 


Contains tellurium. — B. B. 
wholly volatile. 

In the open tube a sublimate of TeOa is formed, 
which fuses to colorless drops. 

Seleu-Lellurium. 

Te with Se. 

Blackish-gray. 

Black. 

(J. Prismatic, 
perfect. 

2-2.5 

j 

1 i 

Hexag. 

Mjissive. 

Contain mercury. —Heated in the 
closed tube with NasCOs, give 
metallic mercury (p. 94). Heat¬ 
ed alone in the closed tube, 
give a metallic-gray sublimate 
of mercuric selenide. B. B. 
wholly volatile. 

Fused with NaaOOs on charcoal, gives globules 
of lead and a coating of lead oxide. 

Lehrbachite. 

(Pb,Hg)Se. 

Lead - gray to 
iron-black. 

Black. 



7.85 

1 Massive. 

Gives sulphur dioxide when heated in the open 
tube. 

Onofrite. 

Hg(S,Se). 

Black i.'ih-gray. 

Black. 

F. Conchoidal. 

2.5 

8.0 

Vol, 

Massive, 

Contains no, or only a trace of, sulphur. 

Tiemannite. 

HgSe. 

i 

Blackish-gray, j 

Black. 

F. Conchoidal. 

2.5 

8.2 

Vol. 

Isom.Tet, 
U. mass. 

Contain copper. —Fuse B. B. to 
globules which, after moisten¬ 
ing with HCl, color the flame 
azure-blue. The HNO 3 solu¬ 
tion is rendered deep-blue by 
addition of ammonia in excess. 

“When heated alone, B. B. colors the fiame^green 
{thallium). 

Crookesite. 

(Cu,Tl,Ag) 3 Se. 

Lead-gray. 

Black. 

F. Uneven. 

2.5-3 

6.9 

i 

1 

Massive. 

1.-.- .. 

The HN 63 solution gives with HCl a white pre¬ 
cipitate of silmr chloi'ide. 

Eucairite. 

CuAg Se. 

Lead-gray. 

Shining. 


2.5 

7.5 

2 

Isometric. 
U. mass. 

The HNO 3 solution gives with H 3 SO 4 a precipi¬ 
tate of lead sulphate. 

Zorgite. 

(Ph,Cua)Se. 

Lead-gray. 

Black. 


2.5 

7-7.5 ^ 

1 

Massive, 
U. gran. 

Contain only selenium and copper. 

Berzelianite. 

CuaSe. 

Ag iso. w. Cu. 

Silver-white. 

Shining. 

F. Uneven. 

2 ? 

6.7 

1.5 

Massive. 

Umangite. 

CusSea. 

Dark cherry- 
red. 

Black. 


3 

6.63 

1.5 

Massive. 

1 


Division 2.— Selenium Compounds.— Concluded on next page. 
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Division 4 —Antimony Compounds.— When heated before the blowpipe on charcoal the dense white coating of oxide of auinnony deposits near the assay (p. 44). 
■with the open tube may also be recommended. 


The test for antimony 


N. B.—Most of the minerals in this division are the sulphaniimonites of the metals. The sulphur may be detected by roasting in the open tube. 


General Characters. 

Specific Characters. 

Name of Species. | 

Composition. 

Color. 

Streak. 

Cleavage and 
Fracture. 

Hard¬ 
ness. c 

Specific 

Gravity. 

Fusi- CiTstalli- 
jility. j zatioii. 

|Hex. Rh, 

Easily and completely volatile! 
when heated B. B. on charcoal. 
Do not give reactions for lead. 

:n the open tube yields a white, slowly volatile, 
crystalline sublimate of SbaOa (p. 45). 

Antimony. S 

b. 'I 

'in-white. G 

rray. C 

. Basal, per. c 

5-3.5 < 

3.6-6.7 

^ ;U. gran. 

open tube yields SOa and tor the most 
part a dense, white, non-volatile sublimate of 
Sb204 (p- 45). 

STIBNITE. q 

(Antimony Glance.) 

b,S. I 

i 

jead-gray. C 

kay-black. j 

I 

Pinacoidal, 
perfect. 
Uneven. | 

j 

1 

L55 

. lOrtborh. 

^ iPage 202 . 


4.81 

j V 

^ Prismatic. 

Reacts for mercury when lieated in the closed 
tube with NaaCOa. 

Livingstonite. I 

igS.asbjSs. 1 

jead-gray. i 

leddish. 

! 

3 

Contain lead.---Afiev carefully 
roasting on charc<.ial (p. 39) the 
residue, when scraped up with 
NaaCOs and fused in R. F., 
gives globules of metallic lead. 

The iodine tests for lead (p. 89) 
are very decisive. 

"When roasted alone on charcoal 
are nearly or completely vol¬ 
atile. . . 

Oxidized by concentrated nitric 
acid, with the separation of 
metantimonic acid (p. 46, g 6 ), 
lead sulphate, and usually of 
sulnhur. 

Compare Galena (p. 251). 
which, when roasted alone or 
charcoal, sometimes gives t 
coaling resembling that o; 
antimony (p. 88 ). 

Contains copper.—Whan decomposed by HNO 3 
and treated with ammonia in excess, the solu¬ 
tion assumes a deep blue color. 

Sournoniie. 2 

PbS.CUaS.SbaSa. ^ 

5teel-gray. |I 

51ack. ] 

Uneven. 

2.5-3 

5.80 

.. Ortborh. 

^ U. cryst. 

Contains bismuth. — Fused on charcoal with 
potassium iodide and sulphur gives a red sub¬ 
limate. 

Kobellite. * 

!PbS,(Bi,Sb).,S3. ] 

Blackish-gray. 1 

iJlack. 


2.5-3 

6.30 

.. |Ma.ssive. 
.prismatic. 

5.33 

1 Ortborh. 

Contain The HNO 3 solution, filtered if 

necessary, gives with HOI a precipitate of silyer 
chloride which is insoluble in hot water (differ¬ 
ence from lead chloride, p. 89, §4). 

A globule of silver is obtained by continued 
heating on charcoal in 0. F. 

Andorite. 

JPbS.AgiS.SSbiSs. 

jark steel- 
g;ray. 

Black. 

Conchoidal.l 

3-3.5 

Brongniardite. 

PbS.AgjS.SbsSs. 

Grayish-black. 

Black. 

F. Uneven. 

3-8.5 

5.95 

1 1 Mtissive. 

5.9-6.0 

1 Ortborh. 

Diaphorite. 

5(Pb,Ag!i)S.2Sb3Sa. 

Steel-gray. 

Black. 

F. Uneven. 

2.5-3 

Freieslebenite. 

5(Pb,Ag2)S.2SbaS3. 

Steel-gray. 

Black. 

F. Uneven. 

2-2.5 

6.2-6.4 

1 Monocl. 

Contain Uti .—When heated in 0. F. 011 charcoal 
leave an infusible mass of oxide, which, when 
mixed with and charcoal powder, 

and fused in R. F., gives a malleable metallic 
' globule. 

Cylindrite. 

"(Kylindrite.) 

ePbs.esuSa.sbjSs. 

Blackish-gray. 

Black, 

F. Uneven. 

2.5-3 

5.43 

1.5 Rolls. 

Blackish-gray. 

Black. 

C. Pinacoidal. 

2 . 5-3 

5.55 

1 Tabular. 

Franckeite. 

5PbS.2SnSa.Sb2S3. 

Steel-gray. 

Black. 

F. Uneven. 

3-3.5 

5.35 

1 Ortborh. 

i 

i 

^ Contain neither copper, his^nuth. tin, nor silver.— 
The minerals are dislinguished by differences 
in crystallization and physical properties. 

Zinkenite. 

PbS.SbsSa. 

Blackish-gray. 

Black. 

F. Uneven. 

2.5 

5.40 

1 Tlonocl. 

Plagionite, 

5PbS.4Sb3S3. 

Blackish-gray. 

Black. 




i 1 Capillary. 

Warren ite. 

3PbS. 2511383 . 

Blackish-gray. 

. Black. 

C. Basal, per. 
F. Uneven. 

2-3 

1 5.5-6.0 

1 1 i 

jitnoru. 

U. capill. 

Jamesonite. 

. (Feather Ore.) 

2PbS.Sb3S3. 

Gray. 

Black. 

C. Pyramidal 


5.95 

. iMOllOCi. 

3 

Semseyite. 

7PbS.3Sb3S3. 

- 

U. tabiii. 

Boulangerite. 

SPbS.SbaSj. 

” Bluish lead- 

(TTflV- 

' Black. 

F. Smooth. 

2.5-3 

5.75-6.' 

ol 1 

vxltili. Ou 

Compact. 

5 “’’J * 

. Black. 

C. Pinac., per 

2.5 

6.35 

1 

“ 

Ortborh. 

U. prism. 
Ortborh. 

Meneghinite. 

4PbS.Sb3S,. 

Blackisli-gray 

Geocrinite. 

SPbS.SbaSs. 

Lead-gray. 

Black. 

C. Prismatic. 
F. Uneven. 

2.5 

6.40 

1 ^ |U. mass. 

. I 

Kilbrickenite. 

ePbS-SbaSs? 

Lead-gray. 

Black. 



6.40 

1 

Massive. 

Ortborh.? 

1 _ 

lEpibonlangerite. 

3PbS.Sb3S.. 

Blackish-gra) 

^ Black. 

-— - 

1 

1 

6.31 

1 

Prismatic. 


Divieion 4.-"Antimony Compounds.—Continued on next page. 
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I. MINEKALS WITH METALLIC OB STJB-METALLIC LHSTEE. 
A.—Fusible from 1—5, or Easily Volatile, 

Division 4.—Antimony Compouiuls.—Coiiclucied. 


General Characters, 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Streak. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility, 

Crystalli¬ 

zation. 

Contain sUmr, but. do not give 
the foregoing reactions for 
lead.—After decomposing with 
HNOa and filtering, the solu¬ 
tion reacts for silver with HCl. 
Wlien only the volatile elements, 
antimony and sulphur, are 
present with silver, a globule 
of the pure metal may be ob¬ 
tained by fusion and continued 
heating on charcoal in 0. F. 
The coating of oxide of anti¬ 
mony in this case assumes a 
reddish to deep lilac tint (p. 
114). Often, after the volatile 
constituents liave to a large 
: extent been driven away, the 
addition of a little NaaCOsj^or 
borax, assists in the formation 
of the silver globule. 

Contain copper .—Wheu decomposed by HNO 3 
and treated with ammonia in excess, a deep 
blue solution is obtained. 

Compare Polybasite, below. 

Stylotypite. 

^CUii,Ag5,Fe)S. • 

SboSa- ■ 

Eron-bhick. 

Black. 

F. Uneven. 

3 

4.8 

1 - 1.0 

Orthorh. 

Freiberglte. 

(Silver Tetrahedrite.) 

4(Cu,Ag)2S.Sb2S3. 1 

Fe and Zu iso. w. Cua. 

Gray. : 

Black. 

F. Uneven. 

8-4 

4.7-4.9 

1.5 

Isom. Tet, 
Page 175. 

Sulphautimonites of silver, containing no, or 
only traces of, copper. Give the odor of sul¬ 
phur dioxide wheu roasted iu the open tube. 

The crystals of Steiibaiiite are usually stout, six- 
sided prisms. Those of Polybasite six-sided 
plates, with triangular markings 011 the basal 
planes. 

Miargyrite. 

Ag2S.Sb2S3. 

Iron-black. 

Dark - red to 
black. 

F. Uneven. 

2-2.5 

5.1-5.3 

1 

Monocl. 

Pyrargyrite. 

(Dark Ruby-silver.) 

3Ag3S.Sb2S3. 

Deep - red to 
black. 

Indian-red. 

C. Rhoinboh. 

F. Conchoidal. 

2.5 

5.85 

1 

Hex. Rh. 
liemimor. 
C1.13, p. *219. 

Stephanite. 

oAg2S.Sb2S3. 

Iron-black. 

Black. 

F. Uneven. 

2-2.5 6.2-0.3 

1 

Orthorh. 

Polybasite. See 
pearceite, p. 246. 

9(Ag,Cu)2S.Sb2S3. 

As iso. w. Sb. 

Iron-black. 

Black. 

F. Uneven. 

2-3 

6 -6.2 

1 

i^Ionocl. 

Polyargyrite. 

12Ag2S.Sb2S3. 

Iron-black. 

Black. 

C. Cubic. 

2.5 

6.95 

1 

Isometric, 

Reacts only for antimony and silver. 

Dyscrasite. 

AgaSb. 

Silver-gray. 
Tar. black. 

Gray. 

C. Basal. 

3.5-4 

9.75 

1.5 

Orthorh. 

Contain copper, but neither lead 
nor silver.—The dilute HNOa 
solution, filtered if necessary, 
gives a deep blue color with 
ammonia in excess. 

Gives globules of mercury when heated iu a 
closed tube with dry Na-jCOa (p. 94, § 1). 

Schwatzite. 
(Mercurial Tetra- 
hedrite.) 

4(Cu2,Hg)S.Sb2S3. 

Fe and Zu iso. w. Cua- 

Dark-gray. 

Black. 

F. Uneven. 

8-4 

4 . 8 - 5.1 

1.5 

Isotii. Tet. 
Piige 175. 

Distinguished by differences in crystallization 
and physical properties. 

Cbalcostibite. 

(VVolfsbergite.) 

CujS.SbaSa. 

Blackish-gray. 

Black. 

C. Basal, per. 

3-4 

4.95-5.0 

1 

Orthorh. 

Falkeuhaynite. 

3Cu2S.Sb2S3. 

Grayish-black 

Black. 



4.83 

1-1.5 

Massive. 

TETRAHEDRITE. 

(Gray Copper.) 

4Cu2S.SbaS3. 

Fe,Zn,Pb and Aga iso. 
w. Cua; As iso. w. Sl». 

Gray. 

Black. 

F. Uneven. 

3-4 

4.7-5.0 

1.5 

Isom. Tet. 
Page 175. 

Famatiiiite. 

3 CU 2 S. SboSfi. 

Gray, with 
reddish tone. 

Black. 

P. Uneven. 

3.5 

4.57 

1-1.5 

Orthorh. 

Contains iron, but does not give 
the reactions of the foregoing 
divisions. 

'Fuses to a strongly magnetic globule. 

Berthierite. 

FeS.SbaSa. 

Steel-gray. 

Black. 

C. Longitudi¬ 
nal, 

2-3 

4-4.3 

1.5-2 

Prismatia 

Fibrous. 

Contains nickel. — The roasted 
mineral gives with borax in 
0 . F. a brownish bead. 

React for sulphur in the open tube. With 

Kallilite. 

Ni(Sb,Bi)S. 

Light bluish- 
gray. 

Black. 



7.01 


Massive. 

potassium ioditle and sulphur give the test for 
bismuth (p. 55, § 2). 

Hauchecoriiite. 

Ni(Bi.Sb,S). 

Bronze-yellow 

Black. 


5 

6.4 


Tetrag. 

U. mass; 

Reacts for sulphur, but contains no bismuth. 

XJllmarinite. 

NiSbS. 

Silver-gray. 

Black. 

C. Cubic, per. 

6 - 5.5 

6 .5-6.7 

1.5 

Isometric. 

CL5,p.l29 

Contains little or no sulphur. Some varieties 
react for arsenic. 

Breithauptite. 

BBb. 

As iso. w. Sb. 

Copper-red, 
violet tone. 


F. Uneven. 

5-5.5 

7.54 

1.5-2 

Eexag. 
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A.—Fusible from l—g, or Easily Volatile. 

open tube sulpJiur dioxide (sulphurous anhvdride) is foruied, ■which may be recognized by its odor, and by the acid reaction which it imparts to 


Di-nsiON 6.—Sulphides.— When roasted in the open tube sulphur dioxide (sulphurous anhydride) is formed, which may be recognized by its odor, ana oy me acia re v 

a piece of moistened litmus-paper placed in the upper end of the tube. The reactions of the foregoiag divisions should not be obtained. 

N.B.—The minerals in this division are mostly sulphides of the metals. Sulphides containing arsenic, antimony, selenium, and tellurium will be found in the foregomg divisions. A few sulphide, 
will be met with later on among the minerals without metallic luster. _ 


General Characters. 


Specific Characters. 


Name of Species. Composition. 


Cleavage and 
Fracture. 


Hard- Specific Fusi- Crystalli- 
ness. Gravity, bility. zatioii. 


Contain only silver and sulphur. 

—When fused alone on char- gg^tile, can be cut with a knife like lead. 


coal in 0 . F. a globule of 
pure silver i^ obtained. __ 


Argeniiie. 

Acanthite. 


Keacts only for sulphur and bismuth. 


Bismuthinite. 

(Bismuth Glance. 


, nr. ;« UL Contain lead and site*.—Decompose with HNO 3 , gchirmerite 

—Mixed with with water, and filter. In the filtrate_ 

potassium iodide and sulphur, produce a precipitate of silver chlo- 

and fused on charcoal in 0. F. which is insoluble in boiling water. Schapbachite. 

a red sublimate is obtained (p.-—-—- 

55, §2). Chiviatite. 

When lead is present, the yellow . . 

coating of lead iodide may oh- Rezbanyite. 

scare the foregoing reaction for _ 

bismuth. In order to make o t i*. f 

mpTtr U^Ts^^•ecommen^^ Contain lead, and not more than traces of silver. 
meats It is lecommei ^ —Aikenite is characterized by containing cop- 

proceed as . otherwise it may not be possible to identify ^ 

Jith rare minerals in ihisgrroup without a quan- 


AgaS. 

AgaS. 

BiaSfl. 

3(Aga,Fh)S.2I 

pbS.Ag 2 S.Bi 2 

SPbS.SBisSa. 

4PbS.5BiaS3. 

PbS.BiaSs. 


Blackish-gray, 

Iron-black. 


. Blackish-gray. F. Conchoidal.j 2-2.5 


1.5 Isometric. 


F. Bneveu. i 2-2.5 j 7.2-7.3 1^5 Orthorh. 


SPbS.BiaSs. 

| Ag 2 >Cii 2 & Feiso.w.Ph, 


j ^ i ^ vnri+H ine rare mineI’Mis iu luisui 

ed mmeral^^^^ and 1 cc. of ‘itative chemical analysis, 
concentrated H 2 SO 4 , and boil 


Lead-gray. ( 

3-ray. ^ 

0. Pinacoidal, 
perfect 

2 

Lead-gray. < 

Grayish-black. 

F. Uueven. : 


Lead-gray. ' 

Grayish-black. 

0. Basal. 

3.5 

Lend-gray. 

Grayisb-black. 

C, Distinct. 


Light lead- ^ 
gray. 

Grayish-bhick. 

F. Uneven. 

2.5-3 

Lead-gray. 

Grayi.sh-black. 


3-4 

Lend-gray. 

Grayish-black. 

F. Uneven. 

2.5-3 

Blackish lead- 

gray. _ 

Grayish-black. 

F. Uneven. 

2-2.5 


until the nitric acid is expelled. Liiiianite. 

After cooling, add 5 cc. of 
water, boil for about a minute 
in order to dissolve the bismuth Beegerite. 

sulphate, and filter off the in-- 

soluble lead sulphate. This Cuprobismutite. 

may he tested by fusing with - 

S??at?yeci£teThe hUmuth Contain -When decomposed hy nitric E„.p.eetire, 

as hydroxide with ammonia, Mid, the dilute solution is rendered blue by- 

ow/i +«c.f cMTYi#> nf it hv the addition of ammonia m excess. Klaprothoi 


gPbS.BiaSs. C l 

igg iso. w. Fb; Sb iso. Steel-j^ray. 
%v. Bi. 


6PbS.Bi2S3. 

ig2 

3Cn2S.4Bi2S3. 
.\g iso. \v. Cii._ 


as hvdfoxide with ammonia, acia, ijie aiiuie soiuuon is reuueix^u uy - 

filter: and test some of it hy addition of ammonia in excess. Kiaprothoiite. 

fusing on charcoal with the 

potassium iodide and sulphur Witfiichenite. 

ini.Tcture. If copper is present -:--- ^^^—5 - 

the ammoniacal filtrate from Contains silver but ueilher lead nor d^PPer-,- 
the bismuth will he blue. Gives a globule of silver when fused with Matiidite. 

borax and Na 2 C 03 on charcoal. 


the bismuth wall he blue. 


61128 . 81283 . 

3Cu2S.2Bi2S3. 

3Ca2S.Bi2S3. 

li!r.S.Bi.S3. 


Gray. Grayis 

Bluish-black. Black. 
Grayish-white. Black. 
Steel-gray. Black. 


Grayish-black. 
[Grayish-black. C. Cubic? 


C. Piuacoidal, ^ 
perfect. _ 


Grayish-white. Black. 
Gray. Gray. 


F. Uneven. 

F. Conchoiclal. 


Coutiuns lead, but no bismuth Qxidized by concentrated nitric acid with the 

With Na 2 C 03 ou charcoal separation of lead sulphate and usually, also, galena. 
gives globules of lead and a of some sulphur. 

yellow coating of lead oxide.______ ___ 


Lead-gray. 


Gray. 

-I 

Grayish-black. C. Cubic, per. j 3.5 


f“ Compare Gplindrite and Franekeiie (p. 360). which do not give very distinct 
antimony reactions. 


6.4-6.5 
6.75 
6.43 
I 6.92 


Orthorh. 

Prismatic. 


1-1.5? Alassive. 
1-1.5? Orthorh.? 
l-1.5?|Foliated. 


6.1-6.4 1-1.5? Massive. 
6.8-7.1 l- 1 . 5 ?jColumnar' 


j Orth orb. 
iU. mass. 


^ iOrtborii. 


Adcular. 


! l- 1 . 5 ?|Massive. 

!-i 

1-1.5?i Isometric? 


6 . 3 - 6.8 1 

I 6.3-6.5 1 

I 4.6? i 1 


blender 
i p risms. 

Orthorh. 


j Orthorh. 


1 i Orthorh. 

! ^ ..rjl Slender 
^ prisms. 


|Isometric. 
2 j U. cryst. 

1 or gran. 


Division 5.— Sulpliides.—Continued on next page. 
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I. MINERALS WITH METALLIC OR SHB-MBTALLIO LUSTER. 


A.—Fusible from 1-5, or Easily Volatile. 
Division 5.— Sulphides, continued. 



General Characters. 


fcfjTS aj ' w • ' 
c s '3X2^ 5 

RZ 2 >^ 0.2 
TO a = § . 


o: 


- oji: S 3 0.1 




C 


Q T3 4^' O a 'H 


w - 3 1 - . *4 — 

.St^ s a «J 

o *3 § S a .^2 J 

i5ip-S‘^|a 
q;^4a.2EI3r <=• — 

^ c£ ^ " .S3 a •-: 

5 cs-t: . ^ a*5 
|.aS55|§3S 

waj-cjSSt» 

a^ pS = a:;.^ 


rry-a.^.a-HMs; 

3 w =: a - y^s 

oS g*S 
S o 

“' i Wja a 


a. '^-a 
& S PQ ^ 


5 0 ) 3 

y 




£3 3 c3 a o a 5? 

*S .2 -- fl o *M « 5 

aj cj.s: Sfe-^ 
5TJ333H't3 0F4S 


[Contain ir<? 7 z, 
and fuse to 
magnetic 
globules. ■ 
From the 
HNO 3 solu- 
tion ammo¬ 
nia precipi¬ 
tates ferric 
hydroxide. 


Contain cobalt. 


IContain neither 
iron nor cobalt. 
Do not fuse to 
magnetic glob- 
, ules. 

te^Comp. Stan- 
nite above, 
which does not 
become mag¬ 
netic except af. 
ter long heating 
B. B. 


I. MINERALS M’lTH METALLIC OR SUB-METALLIC LUSTER. 

A.-Fusible from i —5, or Easily Volatile. 

__ _ I^ivisioN 5.—sulphides.—Continued. 
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Specific Characters, 


IColor brass-yellow.—When massive, Cubanite 
can scarcely be told from Chalcopyrite except 
by a quantitative chemical analysis. ^ 


Color purplish, and somewhat variegated on ex- 
posed surfaces, but brownish-bronze on a fresh 
fracture. 

ICompaie (Jhalcocite below, which at times 
contains sufficient iron as an impurity to make 
it magnetic after hea ting 


Name of Species. 


' (Copper Pyrites.) 


iCuFeSa 


Cubanite. 


!CuFe2S4. 


Fused alone on charcoal the coal near the assay 
I becomes covered with a white coating of oxidei 
of tin. Only slightly magnetic after heatiugB.B. 


The roasted minerals impart a blue color to the 
fluxes. 


From tlie HNO 3 sollltion^^7^;e?• chloride is precio- 
Stated by the addition of HOI. 


bornite. 

(VariegatedCopper, 
Peacock Ore.) ^ 


jStannite. 

(Tin Pyrites.) 


Composition. 


Color, 


Brass-yellow. 


jCu^FeS.. 


'OusS.FeS.SnSa. 

jZn iso. w. Fe. 


Carrollite. 


CUC 02 S 4 . 


Sychnodymite. 


(Cu, 00 ) 485 . 


Stromeyeriie. 

|Tbe finely powdered mineral, afttr carefiil---- 

«“.clinrcoaHp. 40), f>ives iu R. p. acHALCoCTE. 


CuAgS. 


se.,i.'T3 q 
*^'33 9 o 

q-d-d 3J 

OJr-J 

O *2 O 
o o Vi 

~ y Ss d 
'^*2 2-5 
*r g 
5-5 . ce 
o o c3 ,-H 

q: CQ q 


I Contains silve? 
and iron. 


.d 

O 


d 

*t3 


O 'o f 


5.d; ^ ? 

t°g^ 

•Saga 

”.S ” ? 
o ag'S 

‘ ^ d .d -S 

q's S3 ss 03 S 

^s; 2 I 5 

■2’e'3 = iSc5- 

<33 -S' 02 d ^ rm 
W Cj w C3 
S c3g 3, „ 

. ss « © a 
Pi ^ 


[Contams cohalt. 
—• The I'oasted 
minf^ral colors 
the borax bead 
blue. 


I Contain niclcel. 
—The roasted, 
mineral colors I 
the borax bead 
in 0 . F., violet 
when hot and 
reddish - brown 
when cold. 


globule of copper, 
closed tube. 


(iives no sulphur iu the 


Reacts like the foregoing, except that much sul- 
1 pbur is obtained by heating in the closed tube. 


Covellite. 


[Fused with borax on charcoal iu 0. F. 
globule of silver. 


Gives sulphur in the closed tube when heated in- 
tensely. Usually reacts for nickel when fused 
with borax on charcoal (p. 98). 


(Copper Giance.) 


Sternbergite. AgFCaSa. 


Linnaeiie. 


(C0.Ni)3S4. 

Fe and Cu iso. w. Co. 


[contains zinc .— 
Test as directed 
on p. 131 (Pig 
49). 


Contain only 
iron and sul¬ 
phur. 


Give sulphur when heated intensely in the closed 
tube. Millerite occurs usually in capillary 
crystals, sometimes in velvety incrustations 


[In the HNOa solution ammonia produces jin 
abundant precipitate of ferric hydroxide. 


After heating B. B., jirxi volatilizing some of the 
I zinc, the residue is slightly fusible and ma^*- 
petic. Luster sub-metallic. ® 


Give little or no .sulphur in the closed tube. 
Usually slightly magnetic before heating, but 
sometimes scarcely at all so. Troilite is found 
only in meteorites. 


jGive much sulphur in the closed tube. Are 
■ not magnetic before heating. Pyrite dissolves 
completely when 2 ivory-spoonfuls of its wrv 
fine powder ai-e treated in a test-tube with 3 co 
of concentrated HNOs, allowed to stand iintii 
vigorous action ceases, and then boiled. Mar- 

^«p-i 


Millerite. 


NiS. 


Polydymite. 


isri4S5 


Pentlandife. 


Ni,Fe)S. 


SPHALERITE. 

(Zinc Blende,Black 
Jack.) 


(Zn,Fe)S. 

See pages 7 and 8 . 


PYRRHOTITE. 

(Magnetic Pyrites.) 
Sometimes nicke-; 
liferous. 


Troilite. 


jPYRITE. 

(Iron Pyrites.) 


MARCASITE. 

(White Iron Pyri¬ 
tes.) 


CusS. 


CuS. 


iFei 1 Si 2 ,perhapsFeS 
Hi iso. Fe. Test (p. 
97, §4). 


FeS. 


FeSa 


FeSa 


Bronze to 
brass-yellow. 


Streak. 


Greenish- 


black. 


F. Uneven. 


Black. 


|C. Cubic, 
traces. 


Brown isb- 

bronze. 
Purplish 

tarnish. 


Steel-gray. 


Light steel- 
___ 


Steel-gray. 


Dark steel- 

gray. 


Steel-gray. 

Blackish 

tarnish 


Tndigo-blue. 


Brownish- 

bronze. 


Black. 


Pale steel- 

gray. 


Brass-yellow. 


[Light- to 

steel-gra3\ 


[Yellowish 

bronze. 


Dark-brown 
to coal-black. 


[Brownish- 

bronze. 


[Brownish- 

bronze, 


[Pale brass- 

yellow. 


Black, some- 

Yellowish ’ grayish, 

tarnish. 


Grayish-black. 


F. Uneven. 


Black. 


Grayish-black 


Dark-gray. 


Dark-gray. 


Grayish-black, 


Cleavage and 
Fracture. 


F. Uneven. 


F. Uneven. 


F. Uneven. 


Hard¬ 

ness. 


3.0 


Specific 

Gravity. 


4.2-4.3 


Fusi¬ 

bility. 


4-4.5 


4.9-5.4 


4.4 


5.5 


2.5-3 


[F. Uneven. j 2.5-3 


C. Basal, per. 


Grayish-black. 


[Black, some 
what greenish 


|C. Rhoraboh. 
F. Uneven. 


Grayish-black. 


F. Uneven. 


Black. 


,Parting, oct. 
F, Uneven. 


[Light to dark - 
brown. 


Black. 


Black. 


Black, some- 
whatbrownisb. 


C. Basal, per. 


F. Uneven. 


|C. Dodecahe¬ 
dral, per. 


Parting, basal. 
F. Uneven. 


F. Uneven. 


F. Uneven. 


If. Uneven. 


1.5-2 


1 - 1 .^ 


5.5 


3-3.5 


4.5 


3.5-4 


8.5-4 


6-6.5 


6-6.5 


Division o.— Sulphides.— Concluded on^nex^pagT^^^ should be strong enough to act upon powdered pyrle energetically, and decompose it completely, even without the application of heat. 


4.85 


2.5 


Crystalli¬ 

zation. 

|Tet. Sph. 
[Page 183. 
■ ! ' 
[Isometric. 


Isometric. 
U. mass. 


1.5 [Massive. 


4.76 


6 . 2 - 6.3 


5.7 


4.6 


4.1-4.2 


4.9 


5.65 


4.8 


4.95-5.0 


4.05 


4.65 


4.7-4.8 


4.95-5.1 


4.85-4.9 2.5-3 


1.5 


2-2.5 


2.5 


[Isometric. 
:U. mass. 

[Isometric. 

lOrthorh. 
| U. mass. 

[Orthorh. 
[Page 203. 
U. mass. 

Hexag. 

:U. mass. 


1.5 [Orthorh, 


Isometric. 
Figs. 96 
and 100 . 


1.5-2 


Hex. Rh. 


1.5-2 


Isometric. 


1.5-2 


Isometric. 


Isom.Tet, 
Patre 175. 


2.5-3 


2.5-3 


2.5-3 


Hexag. 
Page 188 . 
U. Tnass. 


Massive. 


Isom.Pyr. 
Page 173. 
Ui cry St. 


Orthorh 
Tabular, 
pyram., 
prismatic. 
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Division 6. 
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I. MINERALS WITH METALLIC OR SUB-METALLIO LUSTER. 


258 


A* ^sible from 1-Jb, or Easily Volatile. 

_5.—Sulphides.—Concluded. 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Streak. ! 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

I 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

Contain manganese .—The roast¬ 
ed mineral imparts a reddish* 
violet color to the borax bead 
in 0. F. 

Gives little or no sulphur in the closed tube. 

Gives abundant sulphur in the closed tube. 

Alabandlfe. ^ 

KnS. 

Iron-black. 
Brown tarnish. 

Olive-green. 

C. Cubic, per. 

3.5-4 

3.95 

3 

Isom. Tet. 
Cryst. rare 

Hauerite. 

McSi,. 

Brown to 
brownish- 
black. 

Reddish- 

brown. 

F. Uneven. 

4 

3.46 

3 

Isom.Pyr. 
U. octahe- 

Contains mercury.— GiYes glob¬ 
ules of the metal when heated 
in a closed tube with ISTasCOs. | 

In the closed tube volatile, aud gives a black 
sublimate of HgS. 

Compare Cinnabar fp. 258), 

1 

Metacinnabarite. j 

HgS. 

Grayish-black. 

Black. 

F. Uneven. 

3 

■ 7.8 

Vol.1.5 

Isom. Tet. 

UOBtains germantum.^w nen roasiea on cnarcoai, iranspareni ana white globules 
of germanium oxide collect near the assay, while farther out a lemon-yellow 
coating collects which has a peculiar glazed (fused) surface. 

Argyro^^ite. 

4Ag2S.GeSa. 

iso. w. Ag & Sn w. 
Ge. 

Black with 
bluish tone. 

Grayish-black. 

F. Uneven. 

2.5 

6.26 

1.5-2 

Isometric. 
U. mass. 

Contains tin .—When fused on charcoal the globule and the coal near it become 
covered with a coating of oxide of tin, while a slight reaction for germanium 
may also be obtained. 

Canfieldite. 

4Ag2S.(Sn,Ge)S2. 

Black with 
bluish tone. 

Grayish-black. 

F. Uneven. 

2.5-3 

6.27 

1.5-2 

Isometric. 


Division 6. Hot belonging to the foregoing divisions. 


le, so that 
nering on 



After fusing on charcoal the metal is bright, aud 
no conspicuous coating of oxide is formed on 
the coal. From the HNO3 solution HCl precipi¬ 
tates silver chloride. (2^ Compare Amalgam. 

SILVER. 

Ag. 

Occasionally with Au, 
Cu, and Hg. 

Silver-white. 
Tarnish gray 
to black. 

Silver-white, 

shiny. 

F. Hackly. 

2.5-3 

10.5 

2 

Isometric. 
U. mass., 
acicularor 
in plates. 

■Si 

<W as 



I he IiJNOs solution is made deep-blue by addi¬ 
tion of ammonia in excess. 

COPPER. 

Cu. 

Copper-red. 
Tarnish black. 

Copper-red, 

shiny. 

F. Hackly. 

2.5-3 

8.85 

3 

Isometric. 
U. mass. 

cS 

Bp 

2 « 

Soluble in boiling, dilute 
HNOs (1 part HNO3 : 2 
parts of water). 

Easily fusible, and give yellow coatings of oxide 
on charcoal. When heated with potassium 
iodide and sulphur on charcoal, lead gives a 
greenish-yellow and bismuth a brilliant red 
sublimate. Bismuth is brittle. 

Lead. 

Pb. 

Lead-gray. 

Lead-gray, 

shiny. 

F. Hackly. 

1.5 

11.87 

1 

Isometric. 

c! 0 

Ba 

Bitmufh. 

Bi. 

Silver-white. 

Silver-white, 

shiny. 

C. Basal and 
rhombohe- 
dral, per. 

2-2.5 

9.8 

1 

Hex. Rh. 
U. gran. 




B. B. on charcoal gives a coating of zinc oxide. 

Zinc, 

1 

Zn. 

Grayish-white. 

Grayish-white, 

shiny. 

C, Basal, per. 

2 

7.0 

1.5 

Hex. Rh. 

o5 s 



Heated in^ the closed tube globules of mercury 
are obtained. Mercury is wholly volatile, aud 
amalgam leaves a residue of silver. 

Mercury. 

Hg. 

Tin-white. 




13.6 


Liquid. 

00 C 3 

^ .a 



Amalgam. 

Hg with Ag. 

Silver-white. 

Silver-white, 

shiny. 

F. Uneven. 

3-3.5 

13.7- 

14.1 


Isometric. 

03 

Insoluble in nitric acid. 

Characterized hy its color aud high specific 
gravity. 

GOLD. 

Au, always with 
some Ag. 

Gold-yellow. 

Gold-yellow, 

shiny. 

F. Hackly. 

2.5-3 

19.3 

when 

pure. 

2.5-3 

Isometric. 
U. mass. 

•S s 

l5?S 

J- faO 

Paler color than gold, and of lower specific 
gravity. 

ELECTRUM. 

Au with much Ag. 

Yellowish- 

white. 

Yellowish- 
white, shiny. 

F. Hackly. 

2.5-3 

13-16 

2-2.5 

Isometric. 



Oxidized by HNO3 yielding a wdiite residue of 

1 metasiannic acid (p. 126), 

Tin. 

Sn. 

Tin-white. 

Tin-white, 

shiny. 

P. Hackly. 

2 

7.2 

1 


-H ^ 

bo 

AnTigdrous .— 
Give little or 

Strongly magnetic before heating. 

1®* Compare Titanic Iron (p. 255). 

MAGNETITE. 

(Magnetic Iron.) 

resO, = 

FeO -f- FcqOs. 

Iron-black. 

Black. 

F. Uneven. 
Parting oct. 

6 

i 5.18 

5-5.5 

Isometric. 

. — Are magnet 
onglg so after h 
F. 

5^ the Bilteaies 
in the next sec 
Hie aud Longhan 
may become sli 
ler heating. 

no water in 
the closed 
tube. 

Characterized by its reddish - brown streak. 
Slightly or not at all magnetic before heating. 

HEMATITE. 

(Specular Iron.) 

FCaOs. 

Dark steel- 
gray to iron- 
black. 

Dark reddish- 
brown, Indian- 
red. 

F. Uneven. 
Parting rhom- 
bohedral. 

5.5.6.5 

5.20 

5-5.5 

Hex. Rh. 
Page 194. 

at^ Compare 
Ludmgite (p. 

in^Darts a green color to the NasCOs bead in 0. 
F. {manganese). 

Bixbyite. 

FeMnOs = 

Fe0.Mn02. 

Black, 

Black. 

P. Uneven. 

6-6.5 

4.94 

4.5 

Isometric. 

268). 

6ives globules of lead when fused with Na2C03 
on charcoal. 

Melanotekite. 

(Fe'"403)Pb3(Si04)3 

Dark brown to 
black. 

Yellowish - 

brown. 

P. Uneven. 

5-5.5 

5.85 

2-2.5 

Orthorh. 

Prismatic. 

®.s 

la 0 ^ 

® .. a 

Hydrous. — 
Give water in 
the closed 
tube. 

Difficultly fusible. Turgite generally decrepi¬ 
tates, and breaks up to a fine powder in the 
closed tube. GStbite generally crystallizes in 
prismatic forms. 

TURGITE. 

(Hydro-hematite.) 

Fe.Os{OH)j = 

2Fea03 "f" HaO. 

Reddish-black 

Dark reddish- 
brown. 

F. Splintery. 

5.5-6 

4.14 

5-5.5 

Botryoid, 

Incrust. 

a S . 
*S §WC 

GOETHITE. 

FeO(OH) = 

2Fe203 ”f" 2H2O. 

Dark-brown to 
black. 

Yellowish - 

brown. 

C. Pinac., per. 

5-5.5 

4.35 

5-5.5 

Orthorh. 

0 S 

LIMONITE. 

(Brown Hematite.) 

ff6.03(0H)6 “ 
SFeaOs + SHaO. 

Dark-brown to 
black. 

Yellowish - 

brown. 

F. Splintery. 

5-5.5 

3.6-4.0 

5-5.5 

Botryoid. 

Stalactitic 


Division 6.— Concluded on next page. 
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I. MIIsrBRALS WITH METALLIC OR SHB-METALLIC LUSTER. 

A.—I'usible from 1—5, or Easily Volatile. 

Division 6.—Concluded. 
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General Characters. 

Specific Characters. 

Name of Species. ' 

Composition. 

Color. 

Streak. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

— Ilvaite and Allanite 
are decomposed l)y HCl, and 
yield gelatinous silica upon 
evaporation. Neptunite is in¬ 
soluble in HOI, but may be 
tested for a silicate as directed 
on p. 110, §4. 

K.B. — These silicates have a 
pitchy or resinous luster, and 
they, as well as others which 
are black owing to the presence 
of iron, are more properly 
classified in subsequent sec¬ 
tions under minerals without 
metallic luster. 

Compare Melanotehite, Ken- 
troUie, and Braunite, of this 
division. 

Intumesces slightly when fused B. B. The 
globule is decidedly magnetic. 

llvaite. 

(lievrite.) 

CaFe" 2 (Fe'".OH) 

(SiO,)2. 

[ron-black. 

Black. 

F, Uneven. 

5.5-6 

4.05 

2.5 

Orthorh, 
U. prism. 

Intumesces strongly when fused B, B. The 
globule is sometinoes magnetic. Gives reactions 
for the rare-earth metals (p. 65). 

Allanite. 

R'^,(K'^OH)R"'2 

(Si04)3. 
R^'=Ca and Fe. 

R'^^=AL Fe, Ce, La, 
and Di. 

Brown to 
pitch-black. 

Gray, 

F. Uneven to 
conchoidal. 

5.5-6 

3.5-4.2 

2.5 

MonocL 

U. mass. 

Fuses B. B. to a black globule and colors the 
flame yellow. Reacts for titanium when tested 
as directed on p. 127, § 2. 

Neptunite. 

(Na,K)(Pe,Mn) 

TiSi.Ois. 

Black. 

Cinnamon- 

browm. 

C. Prismatic. 

F. Conchoidal. 

5-6 

3.23 

3-4 

MonocI 

Contain tungsten. — Fuse wdth 
I^aaCOs, pulverize the fusion, 
digest with boiling water, and 
filter. The filtrate made acid 
with HCl and boiled with tin 
assumes a blue color (p. 129, 
§2). 

The high specific gravity is 
noticeable. 

Imparts to the HaaCOs bead in 0. F. a green 
color {manganese). Fused on charcoal with a 
little Ka 2 C 03 yields a magnetic mass. 

WOLFRAMITE. 

Compare hubner- 
ite, p. 283 . 

(Fe,Mn)W 04 . 

Black. 

Black. 

C. Pinac., per. 
F. Uneven. 

5-5.5 

7.2-7.5 

8-8.5 

MonocL 

U. cry^sto 

Contains little or no manganese. Fusible B. B. 
to a magnetic mass. 

Wolframite, in part. 

FeWO*. 

Black. 

Black. 

0. Pinac., per. 

5-5.5 

7.2-7.5 

8-8.0 

MonocL 

Reinite. 

FeW04. 

Blackish- 

brown. 

Brown. 

F. Uneven. 

4 

6.64 

3-3.5 

Tetrag. 

Contain mb&rMW.—Fused with 
borax, then dissolved in HCl 
and boiled with tin, the solu¬ 
tion assumes a blue color (p. 
99, §1). 

The high specific gravity is 
noticeable. 

Reacts for iron and usually also for manganese 
when tested as directed above for wolframite. 

COLUMBITE. 

(Fe,Mii)lNb,Ta),Oe. 

Iron-black. 

Black. 

F. Uneven. 

6 

5.8-7.0 

5-5.5 

Orthorh. 
U. cryst. 

React for uranium and the rare-earth metals 
when tested as directed on p. 129, ^ 2 , and p. 
65. 

Samarskite. 

R"3R"'2(Nb,Ta)fi02: 
R"=Fe, Ca, UOa; 
R^^rrCe and y earths. 

Velvet-black. 

Dark reddish- 
brown. 

! 

F. Conchoidal. 

5—6 

5.6-5.8 

4.5-5 

Orthorh. 

U. mass. 

Aannerodite. 

(Onnerodite.) 

Uncertain. 

Nb, U, Y. Th, Ce, Pb, 
Fe, Ca, H, 0. 

Black. 

Brown to 
blackish 

brown. 

F. Uneven. 

6 

5.7 

4.5 

Orthorh. 

Contain copper, —B. B. alone, or 
witliKaaCOs, on charcoal, give 
a globule of copper. After 
moistening with HCl impart 
azure-blue and green colors to 
the blowpipe flame (p. 72, § 1). 

Characterized by its sub-metallic luster and red 
streak (see p. 263). 

CUPRITE. 

CUaO. 

Deep-red. 

Brownish-red, 
Indian-red. 

F. Conchoidal 
or uneven. 

3.5-4 

6.0 

2.5-3 

Isometric. 

C1.4.p.2l9 

Tenoritecrystallizes in scales; paramelaconite in 
prisms. 

Tenorite, 

(Melaconite.) 

CuO. 

Steel- to iron- 
gray. 

Grayish-black. 

C. Basal, per. 
P. Uneven. 

3-4 

! 5.8-6.2 

j 

3 

MonocL 

Massive. 

Paramelaconite.. 

CuO? 

Purplish- to 
pitch-black. 


P. Uneven. 

5 

5.83 

3 

Tetrag. 

Contains WithHaaCOs on 

charcoal gives globules of the 
metal and a coating of lead 
oxide. 

When heated in the closed tube yields fusible 
lead oxide and oxygen gas. Test as directed on 
p. 100, §1. 

Plattnerite. 

PbOa. 

Iron-black. 

Chestnut- 

brown. 

P. Uneven. 

5-5.5 

8.5 

1.5 

Tetrag. 

U. mass. 

Imparts a red dish-violet color to the borax bead 
in 0. P. [manganese). Compare Melanotekite. 

Kentrolite. 

(Mn"%03)Pb3 

(Si04)3. 

Fe iso. w. Mn. 

Black. 

Brown. 

P. Uneven. 

5-5.0 

6.19 

2—2.0 

Orthorh. 

Contain manganese, but do not 
give the reactions of the fore¬ 
going sections.—Impart to the 
borax bead in 0. F. a reddish- 
¥iolet color. 

The^ fine powder is slowly soluble in HCL 
Yields a small amount of gelatinous silica on 
evaporation. 

Braunite. 

MnMnOa with a 
little MnSiOa. 

“Black. 

Brownish- 

black. 

C- Pyramidal. 
, P. Uneven. 

6-6.5 

4.8 

4.5-5 

Tetrag. 
Fig. 143, 
page 178. 

Gives a slight coating of oxide of antimony when 
heated with KuaCOs on charcoal. 

Laang-banite. 

(Longbanite.) 

Uncertain. 

Mn, Fe, Si, and SI 
oxides. 

) Iron-black. 

Dark reddish- 
brown. 

■ P. Uneven. 

6.5 

4.92 

4.5 

Hex. Rh, 
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MINERALS AVITH METALLIC OR SUB-METALLIC LUSTER, 255 

B.—Infusible, or Fusible la-bove 5, and Non-volatRe. 

DmsK)N l.—Iron Compounds.—Strongly attracted by a magnet after being heated before the blowpipe in the reducing flame (ihe test must not be made while the fragment is hot, p. 84, § 1). 

K.B.—The minerals in this division are chiefly the oxides and hydroxides of iron. Several of them are important as ores of the metal. Generally they dissolve in hydrochloric acid, though often 
slowly. The solutions, after dilution with water, may be tested foi ferrous and ferric iron with potassium ferri- and ferrocyanides, as directed on p. 85, §4. 


General Characters. 

Specific Characters. 

- — —___i 

Name of Species, 

Composition. 

1 

Color. 1 Streak. 

1 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Crystalii- 

zation. 

Strongly magnetic without heat¬ 
ing. Malleable. 

Compare platinum (p. 257). 

When treated as directed on p. 97, §4, meteoric 
iron has always, and terrestrial irons have often, 
reacted for nickel. 

Iron. 

(Meteoric Iron.) 

Fe, also Fe with Ni. 

Steel-gray. 

Steel-gray. 

C. Cubic. 

F. Hackly. 

4-5 

7.3-7.5 

Isometric. 
U. mass. 

Characterized by containing much nickel. 

Awaruite. 

FeNL. 

Steel-gray. 

Steel-gray. 

F. Hackly. 

5 

8.1 

Massive. 

Strongly magnetic without heat¬ 
ing. Brittle, 

Very slowly attacked by HCl. 

Reacts for titanium (p, 127, § 2). 

ILMENITE (Titanic 
Iron, in part.) 

FeTiOs with FcaOs in 
varying proportions. 

Iron-black. 

Black. 

F. Uneven. 

5.5-6 

4.7-5.1 

Hex. Rh. 
U. mass. 

The fine powder is slowly, but completely, solu¬ 
ble in HCl. The solution reacts for both fer¬ 
rous and ferric iron. Fus. = 5-5.5. 

MAGNETITE. 

Fea04=FeO.Fea03. 

Iron-black. 

Black. 

Parting octa¬ 
hedral. 
F. Uneven. 

6 

5.18 

Isometric. 
Figs. 96, 
97 & 102. 

Reacts for magnesium when tested as direcled on 
p. 91, §1. h. 

Magnesioferrite. 

MgFe204=MgO.Fe203. 

Iron-black. 

Black, 

F. Uneven. 

6-6.5 

4.6 

Isometric, 

Contains tiianimi.—MXQX fusion 
with NasCOs the material can 
be dissolved by HCl, and the 
solution when boiled with tin 
becomes violet (p. 127, § 2). 

Gives a coating of oxide of antimony when fused 
with Na-jCOs on charcoal. 

berbylite. 

SFeTi 0 3. FeSb 2 06. 

Pitch-black. 

Brown. 

F. Conchoidal. 

5 

4.58 

Ortborh. 

Distinguished by differences in crystallization 
and physical properties. 

ILMENITE. 

(Titanic Iron.) 

PeTiOs=FeO.TiOs. 

Mff iso. %v. Fe. 

Iron-black. 

Black. 

F. Uneven. 

5.5-6 

4.7 

Hex. Rh. 
Page 197. 

Pseudobrookite. 

Fe.(TiO.),. 

Brownish- 

black. 

Yellowish- or 
reddish-brown 

F. Uneven. 

6 

4.98 

I 

Orthorh. 

Contain manganese. —Impart to 
the Ka-jCOs head in 0. F. a 
green or bluish-green color. 

Gives a coating of oxide of zinc wlien the very 
fine powder, mixed with a little NaaCOg, is 
heated intensely on charcoal. 

FRANKLINITE. 

fFe,Zn.Mn)0.(Fe,Mn)203. 

^^304 With Za and Mn iso.w.Fe 

Iron-black. 

Dark-brown. 

F. Uneven. 

6 

5.15 

Isometric. 
Figs. 96 
and 102, 

Gives a coating of oxide of antimony wdien treated 
as above. 

Melanostibiau. 

6 (Fe,Mn) 0 .Sb 203 . 

Black. 

Cherry-red. 

O’. Two direc¬ 
tions, 90'“. 

4 


Orthorh.? 

Does not give the foregoing reactions. 

Jacobsite. 

(Mn,Mg) 0 .(Fe,Mn) 203 . 

Black. 

Brownish- 

black. 

F. Uneven. 


4.75 

Isometric. 

Give water in the closed tube. 
Difficultly fusible. Fus. =| 
0-5 5; 

Water about 5/1 Generally decrepitates violent¬ 
ly when healed in the closed tube. 

Turgite 

(Hydro-hematite.) 

Fe.OsCOHjj^SFesOs.HjO 

Black to red- 
disb-black. 

Brownish-red, 
Indian-red. 

F. Splintery. 

5.5-6 

4.14 

Massive. 
Mara mi 11. 

Water about 10^. Generally crystallized in 
prisms. 

GOETHITE. 

FeO(OH)= 2 Fe 203 . 2 H 20 . 

Dark-browm .to 
black. 

Yellowish- 

brown, 
yellow-ocher. 

C. Pinacoidal, 
perfect. 

5-5.5 

4.35 

Orthorh. 

Prismatic. 

Water about 151 Mammillary and stalactitic 
(p. 222). Often impure. Distinct crystals un-l 
known. 

LIMONITE. 

(Brown Hematite.) 

Fe.03(0H)8= 

2Fe,03.3H30. 

Dark-brown to 
nearly black. 

Yellowish- 

brown, 

yellow-ocher. 

F. Splintery. 

5-5.5 

a6-4.0 

Orthorh. 

U. fibrous. 

Give little or no water in the 
closejd tube. 

Danbreelite reacts for sulphur 
when roasted in an open tube. 
|^*Compare Tripuhyite (p. 263). 

Streak brownish-red (Indian-red, red-ocher). 
Sometimes slightly magnetic before beating. 
Fus. = 5-5.0. 

HEMATITE. 

(Specular Iron.) 

PeaOg. 

Steel-gray to 
iron-black. 

Brownish-red. 

Indian-red. 

F. Uneven, 
scaly, fibrous. 

5.5-6.5 

5.20 

Hex. Rh. 
Page 194. 

Imparts a gretm color to tlie salt-of-phosplioni.s 
bead {chromium.). Compare GhronvVe (p 25(5). 

Daubr6elite. 
(Meteoric only.) 

FeS.CruSs. 

Black. 

Black. 

C. One direc. 


5.01 

Massive. 
Scaly. _ 





(Page 256.) 

I. MUTERALS WITH METALLIC OR SHB-METALLIC LUSTER. 

B.~Infasible, or Fusible above 6, and ITon-volatile, 

Division 2.--Maiiganese Coaipounds. 

Division 3, in part. 



256 


256 


I. MINEKALS WITH METALLIC OB SUB-METALLIC LUSTEE. 

B.—Infasible, or Eusible above 5, and Kon-volatile. 

Division 2.— Manganese Compounds. A trifling quantity of the material'will impart to the borax bead in the oxidizing flame a reddish-violet or amethystine color. The green color 
which manganese compounds impart to the sodium-carbonate bead in the oxidizing flame is also a very delicate and decisive test. 

!N.B.—The minerals in this division., are chiefly oxides of manganese^ Ihey dissolve in hydrodiloric acid with evolution of chlorine gas (p. 101, § 2), and many of them yield oxygen gas when 

heated in a closed tube (p. 100, § 1). I 


General Characters. 

Specific Characters. 

Name of Species. 

Composition . 

Color. 

Streak. 

Cleavage and 
Fracture- 

Hard¬ 

ness. 

Specific 

Gravity. 

Crystalli¬ 

zation, 


Contains copper, and imparts to the blowpipe 
flame a blue or green color after moistening 
with HCl. 

Crednerite. ' 

Cu3Mn4O0. 

Iron-black. 

Brown isb- 

black. 

C. Basal, per. 

4.5, 

4.98 

Monocl. 

Foliated. 


Beads for titanium 'when tested as directed on p. 
129, §2. 

Pyrophanite. 

MnTiOs = MnO.TiOfi. 

Deep-red. 

Ocher-yellow. 

C. Khonibohe- 
dral, per. 

0 

4.54 

Hex. Bh. 
Cl. 14, p.219. 

Give little or no water when 

Give oxygen gas when heated in the closed tube 
(p. 100, § 1). Pyrolusite is perhaps always a 

Polianite. 

MnO.. 

Steel-gray. 

Black. 

0. Prismatic, 
perfect. 

6-6.5 

5.0 

Tetrag, 

heated in the closed tube. 

pseudomorph after other minerals (often after 
manganite). It is soft, aud contains about 2 
per cent of water. 

PYROLUSITE. 

MnOa with about 2% HaO. 

Iron-black. 

Black. 

F. Splintery, 

2-2.5 

4.75 

Massive. 

Pseudom, 

Compare Finakiolite (p. 

Do not give oxygen gas when heated in the closed 
tube (p. 100, § 1). Finely pulverized braunite 

Braunite. 

MuMnOa with a little 
MnSiOs 

Black. 

Brownish- 

black. 

C. Pyramidal. 
P. Uneven. 

6—6.0 

4.8 

Tel rag. 
Fig. 143. 

277). 

is slowly decomposed by HCl, and the solution 
yields gelatinous silica upon evaporation. 

Hausmannite. 

MdsO.. 

1 

Black. 

Chestnut- 

brown. 

0. Basal. 

F. Uneven. 

5-5.5 

4.8 

Tetrag. 

Give much water when heated in 

The prismatic crystallization aud dark>brown 
streak are characteristic. Compare Pyrolusite. 

MANGANITE. , 

MnO(OH) = Mn.Os.HuO. 

Steel-gray to 
iron-black. 

Dark'brown. 

C. Pinacoidal, 
perfect. 

4 

4.31 

Orthorh. 

Prismatic. 

the closed tube. 

li^ Compare AsloliU and TTcd 
(p. 292). 

B. B. on charcoal gives a coating of oxide of 
zinc. 

1 

Chalcophanite. 

{Mln,Zu)Mn205.Ha0. 

Bluish-black. 

Dark choco¬ 
late-brown. 

0. Basal, per. 

2.0 

4.0 

Hex. Bh. 

Does not crystallize. The HCl solution generally 
gives a white precipitate of barium sulphate 
upon addition of HaSO^. 

PSILOMELANE. 

- J 

Uncertain. 

MuOa with MnO, HaO, 

‘ and often BaO and KaO. 

Iron-black. 

Brownish- 

black. 

F. Uneven. 

5-6 

About 

4.3 

Massive. 


A 

Division 3.—ISTot belonging to the foregoing divisions. 


Yery soft. Beadily mark paper 
and soil the fingers. 

. 

Heated B. B. in the forceps colors the flame 
yellowish-green. Boasted in the open tube 
gives the reactions for a sulphide and for 
molybdeuum (p. 95). 

MOLYBDENITE. 

MoSa. 

Lead-gray. 

Grayish-black. 

C. Basal, 

1-1.5 

4.75 

Hexag.? 

Foliated. 

Does not give the foregoing reactions. Very re¬ 
fractory. 

GRAPHITE. 

(Black Lead.) 

C. 

Iron-black. 

Black. 

C, Basal, pen\ 

1-1.5 

2.20 

Hex. Rh. 
Foliated. 

Contains chromium. —Imparts a 
green color to the borax and 

Finely powdered chromite mixed with NiiaCOs, i 
in equal proportions, and intensely heated on 
charcoal, gives a mass which is attracted by a 

CHROMITE. 

(Chromic Iron.) 1 

Essentially FeCr 204 = 

FeO.CraOa. 

Iron-black to 
brownish- 
black. 

Dark-brown. 

F. Uneven. 

5.5 

4.6 

Isometric. 
U. mass. 

salt of phosphorus beads. 

1 

magnet iSrori). Magnesian-chromite may con¬ 
tain too little iron to give the f oregoing reaction. 

[Magn e sian-chromite. 

FeCra 04 with MgAl 304 . 

Brownish- 

black. 

Brown. 

F. Uneven. 

5.5 

4.2 

Isometric., 
U. mass. 


.Division 3. —Concluded on next page. 
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1. MINERALS ■WITH METALLIC, OR SHB-M.ETALLIC LUSTER. gg?- 

B.—Infusible, or Fusible above 5, and Non-volatile. 

, ■ Division 3.—Concluded. 


general Characters. 

Specific Characters. 

Name of Species. 

j- .... 

Composition. 

Color. 

Streak. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

CrystalK* 

zation. 

Contain iiianiund, —Fused ■with 
borax, then dissolved in HCl 
and boiled with tin, the solu¬ 
tion becomes violet (p.l27, § 2). 

I^Comuare ButiUj Octahedrite, 
and BtooUU (p, 299), which 
sometimes are black and have 
a sub-metallic luster. 

After the violet color of titanium has been ob¬ 
tained, by continued boiling with tin the solu¬ 
tion finally assumes a blue color {niobium, p. 
99, %l). 

Compare Polymigniie, below. 

Dysanalyte. 

CaTiOg, with some 
(Fe,Ca)Nb 206 and rare- 
, etinii metals. Formula 
uncertain. 

Black. 

Gray. 

C. Cubic. 

F. Uneven. 

5-6 

4.18 

Isometric. - 
Cubes & 
Octahe¬ 
drons. 

Fused with the acid sulphate of potash and 
tiuorspar mixture, momentarily colors the flame 
gVL^en (boron). Fn‘=5. = 5,5 

Warwickite. 

(Mg,Fe),BsTi08? 

Dull-black, 

Black. 

C. One direc¬ 
tion, per, 

P. Uneven. 

3-4 

3.35 

Orthorh. 

Prismatic. 

A little of the fine powder mixed with an equal 
volume of HaaCOg and fused intensely in char¬ 
coal gives a mass which is attracted by a mag¬ 
net (see p. 255). 

iLMENITE. 

(Magnesian Variety.) 

(M:g.Fe)TiO, = 

(Mg.Fe)O.TiO,. 

Iron-black. 

Black. 

F. Uneven. 

5.5-6 

4.30 

Hex. Rh. 
Page 197. 

Pseud obrookite. 

I'e.CTiOOs. 

Brownish- 

black. 

Yellowish- or 
reddish-brown 

F. Uneven. 

6 

4.98 

Orthorh. 

After fusing with HaaCOa and dissolving in 
HCl the titanium may be precipitated by am¬ 
monia. In the filtrate calcium may be detect¬ 
ed by ammonium oxalate, and magnesium by 
sodium phosphate. 

Perovslcite. 

(Perofskite.) 

CaTiOs. 

Brown to 

black. 

Grayish. 

F. Uneven. 

5.5 

3.95 jisometric. 

Qeikielite. 

MgTiOg. 

Fe iso. w. Mg. 

Blue-black. 


1 

C. Perfect. 

6.5 

3.98 

Hex, Rh.f 

Contain niobium, —Fused with 
borax, then dissolved in HCl 
and boiled with tin, the solu¬ 
tion assumes a blue color (p. 
99, 11). The high specidc 
gravity is noticeable. 

1^ Compare the difficultly 
fusible niobium minerals on p. 
254, and those with resinous 
to sub-metallic luster on pp. 
298 and 300. 

Generally imparts to the HaaCOs bead in 0. F. a 
green color (manganese). Fused on charcoal 
with a.little NaaCOs yields a magnetic mass. 
For variations in specific gravity see p. 7. 

COLUMBITE. 

Bssentlally(Fe,Mn)Nb20a, 
with (Fe,Mn)Ta 206 . 

Black. 

Dark - red to 
black. 

F. Uneven. 

6 

0.3-6.5 

Orthorh. 

U. prism. 

Mossite. 

Fe(]Srb,Ta)20o. 

Black. 

Black. 

F. Uneven. 

6 

6.45 

Tetrag. 

In making the reduction test with zinc the 
violet color of iiianium appears before the blue 
of niobium (p. 99, |2). 

Polynaignite, 

Uncertain. 

Nb, Zr, Ti, Ca, Th, Ce, Y, 
Pe'", Fe'', 0. 

Black, 

Dark-brown. 

F. Conchoidal. 

6.5 

4.8 

Orthorh. 

Contain tantalum (p. 123), but 
give no, or only slight, reac¬ 
tions for niobium. Character¬ 
ized by exceptionally high 
specific gravity. 

React for iron and sometimes, also, for manga¬ 
nese when tested as directed above for colum- 
bite. 

Tantalite. 

(Fe,Mn)Ta20c. 

Nb iso. w. Ta. 

IBlack. 

1 

Black. 

F. Uneven. 

6 

6 . 5 -T .3 

Orthorh. 

Tapiolite. 

FeTasOa. 

Nb iso. w. Ta. 

Black. 

Black. 

P. Uneven. 

1 

6 

7.3-7.S 

Tetrag. 

Give reactions for tin and uranium when tested 
as directed on pp. 126, § 3, and 129, § 2. 

Hielmite. 

Uncertain. 

Ta, Nb, Sn, U, Y, Ce, Fe'5 Mn,| 
Ca, H, 0 . 1 

Black. 

Grayish black.' 

P. Uneven. 

0 

5.8 

Orthorh. 

Contains uranium. —Imparls to 
the salt of phosphorus bead 
in 0. F. a yellowish-green and 
in R. F. a green color. 

Soluble in dilute H 2 SO 4 with the slight evolution 
of a gas (7ieUum). The high specific gravity is 
noticeable. 

Uraniniie. 

I (Pitch Blende.) 

Uncertain. 

UOs, UO 2 , Th, Y, Pb, and 
He. 

Black. 

Brownish- 

black. 

F. Uneven. 

5.5 

9-9.7 

Isometric. 
U. mass. 

Compare Baddeleyite, ZrOa (p. 
302). 


Baddeleyite. 

Zr02. 







Contain plaiinum or the metals 
of the platinum group (pp. 103 
and 104).—^These minei-als are 
characterized by exceptionally 
high specific gravities, and hy 
their insolubility in any single 
acid. 

Gives sulphur dioxide when roasted in the open 
tube. Compare Sperry Hie, p. 247. 

Laurite. 

RuS2. 

Os iso. w. Ru. 

Iron-black. 

Dark-gray. 

C. Octahedral. 
F. Conchoidal. 

7.5 

7.0 

Isometric. 

Malleable. B. B. unaltered. Sometimes mag¬ 
net ic. 

Platinum. 

Pt, with Fe and the rare 
platinum metals. 

Whitish steel- 
gray. 

Gray, shiny. 

F. Hackly. 

4-4.5 

14-19 

Isometric, 

Mallecible. Loses its tarnish when heated B. B. 
in R. F., but regains it by heating in the open 
tube. 

Palladium. 

Pd, with Pt and Ir. 

Whitish steel- 
gray. 

Gray, shin}’-. 

F. Hackly. 

4-4.5 

11.3- 

11.8 

Isometnc. 

Slightly malleable to brittle. Heated in the open 
tube gives the odor of osmium oxide. 

Iridosmine. 

Ir, with Os, Rh, and Pt. 

Tin-white. 

Gray. 

C. Basal, per. 

6-7 

19-21 

Hex. Rh. 

Does not react for osmium. 

Iridium. ^ 

j Ir^ with Pt. 

Tin-white. 

Gray. 

P. Hackly. 

6-7 

j 32.7 

Isometric. 
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A.—Easily Volatile, or Combustible, 

N.B.—Tlie few minerals wbicli are included in this section entirely disappear when heated B. B., provided they are pure. It may be recommended to heat a small fragment B. B. alone on 
charcoal, or still better in most cases in a closed tube, when the material should wlaiilize completely and condense as a sublimate. It is not an indication that a mineral is volatile if it decrepitates, or 
falls to a fine powder when heated, and therefore cannot be retained in the platinum forceps nor on charcoal. 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage or 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

Burns with a blue flame and 
gives the strong odor of sul¬ 
phur dioxide. 

The sublimate in the clo.'rcd tube is a red to dark 
yellow liquid when hot, a pale yellow solid 
when cold. 

SULPHUR. 

S. 

Pale yellow. 

Resinous. 

F. Conchoidal 
or uneven. 

1.5-2.5 

2.07 

1 

Ortliarh. 
Page 202. 

Contain arunic, —Yield the vol¬ 
atile, crystalline sublimate of 
arsenious oxide when heated in 
the open tube (sulphides must 
be roasted very slowly and' 
carefully). An arsenical mirrori 
may be obtained by mixing 
the mineral with six volumes 
of dry Na^COa and a little 

Imparts a decided green color to the blowpipe 
flame {thallium). 

Lorandite. 

jTlAsS, = 

j ThS.ASsSg. 

Carmine-red. 

Adamantine. 

0. One direc¬ 
tion, 'perfect. 

2-2.5 

5.53 

1 

Monocl. 

The sublimate in the closed lube is a deep-red, 
almost black liquid when hot, a reddish-yellow, 
transparent solid when cold. 

realgar. 

AsS. 

Aurora-red. 

Resinous. 

C. Pinacoidal. 
F. Conchoidal. 

1 . 5-2 

3.55 

1 

Monoci. 

U. ciyst. 

ORPIMENT. 

ASaSg. 

Lemon-yellow. 

Pearly, resin¬ 
ous. 

C. Pinacoidal, 
perfect 

1.0-2 

3.48 

1 

iMonocl, 

Q. foil. 

Yield the white crystalline sublimate of arsenious 
oxide when heated in a closed tube. Volatile 
with only a slight tendency to fuse. 

Arsenolite. 

ASjjOg. 

Colorless to 

white. 

Adamantine. 

F. Uneven. 

1.5 

0 . ^ 0 

Vol. 

1 

Isometric. 

charcoal powder and heating 
in a closed tube (p. 51, § 1, 5). 

Claudetite. 

ASsOg. 

Colorless to 

white. 

Pearly. 

0. Pinacoidal, 
perfect. 

2.5 

3.9-4.1 

VoJ. 

1 

Monocl. 

Tabular. 

Contain antimony. — B. B. on 

lu the open tnbe gives sulphur dioxide. 

Kermesite. 

Sb,S,0. 

Brownish-red, 

maroon. 

Adamantine. 

0. Pinacoidal, 
perfect 

1-1.5 

4.60 

1 

Monocl. 

Acicular. 

chaicoal fuse and llie 

coal with a dense white subli¬ 
mate of the oxides of anti- 

Fuse easily when heated in the closed tube, and 
give a slight white sublimate consisting often 
of prisms and octahedrons of SbaOs. 

Senarmontite. 

SbaOg. 

Colorless or 
whiite. 

Adamantine. 

P. Uneven. 

2 - 2.5 

5.25 

1.5 

isometric. 
Fig. 96. 

mony. 

Valeniinite. 

SbsOg. 

Colorless or 
white. 

Pearly, ada¬ 
mantine. 

C. per. 

and prismatic. 

2 . 5-8 

5.56 

1.5 

Orihurh. 

Prismatic 

Contain ammonmm.—Give the 
odor of ammonia when heated 
in a closed tube with lime (ig¬ 

Volatile without fusion. The aqueous solution 
gives a precipitate with silver nitrate. 

Sal-ammoniac. 

KH4CI. 

Colorless or 
'white. 

Vitreous. 

F. Conchoidal. 

1.5-2 

1.53 

Vol. 

1 

Isometric. 

C].4,p.2l9 

nited calcite), or boiled in a 
test - tube with potassium 
hydroxide. 

Fusible. The aqueous solution gives a precipi¬ 
tate with barium chloride. 

Mascagnite. 

(NH4).S04. 

' 

Colorless or 
white. 

Vitreous. 

F. Uneven. 

2-2.5 

1.77 

1 

Orthorh. 

Contain mercury. —Give a subli¬ 

Streak red. Gives sulphur dioxide and mercury 
in the open tube (p. 94, g 2). Gives a black 
sublimate (EgS) in the closed tube. 

CINNABAR. 

■HgS. 

Red. 

Vermilion. 

Adamantine. 

C. Prismatic, 
perfect 

F. Uneven. 

2-2.5 

8.10 

Vol. 

1.5 

Hex. Rh. 
Class 15, 
p. 219. 

mate of mercury when heated 
in a closed tube with dry 
sodium carbonate (p. 94, § 1). 

After testing for the mercury with IMaaCOg, the 
contents of the tube, when dissolved in water 
and HNOa, will give a precipitate whth silver 
nitrate. 

Calomel. 

HgCl. 

Colorless or 
white. ' 

1 

Adamantine. 

P. Conchoidal. 

1-2 

6.48 

Vol. 

1 

Tetrago¬ 

nal. 

Contains lead. —Gives a globule 
of the metal and a coating of 
oxide when fused with NaaCOa 
on charcoal. 

Quite soluble in hot water. On cooling, the 
solution deposits lead chloride. 

1 

Cotunnite. 

PbCl,. 

Colorless or 
white. 

Adamantine. 

F. Uneven. 

1-2 

5.80 

1 

Orthorh. 

Contain sodium or potamum .— 
Color the blowpipe flame yel- 
_^low or violet, respectively. 

After ignition B. B. the residue imparts an alka¬ 
line reaction to turmeric paper. 

A number of the minerals containing the alkali metals are wholly volatile if heated for a 
will he found, however, among the fusible minerals on p. 271. 

considerable time. They 
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II. MmEEALS WITHOUT METALLIC LU8TEK. 

B,—Fusible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Part I. —Give a metallic globule when fused with sodium carbonate on 

charcoal. 

Division 1,—Silver Compounds. 

Division 2.-“Lead Compounds, in part. 



II. MINERALS WITHORl metallic LUSTER. 

B.-Pusible from 1-5, and KTon-volatile, or only Slowly or Partially Volatile, 
Part I. G-i-re a metallic globule 'when fused with sodium carbonate on charcoal. 


Division l.-Silver Campounds.-A globule of silver is obtained by fusing on charcoal with sodium carbonate, 
globule will be brittle. 


When antimony is present, some of it will alloy W'ith the silver and the 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fraciure. 

Hard¬ 

ness, 

Specific 

Gravity. 

Fusi¬ 

bility. 

1 Crystalli¬ 
zation, 

Contain sulphur. —Heated in the 
open tube yield sulphur di¬ 
oxide and the oxides of either 
arsenic or antimony. 

If the globule obtained by heat¬ 
ing on charcoal with ISTaaCOs 
is brittle, it maybe converted 
to pure silver by heating in 
0. F. with borax. 

Compare Miargyrite and 
Polyha site (p. 250). 

When heated in the closed tube readily yield an 
abundant sublimate of sulphide of arsenic, deep 
red, almost black when hot, reddish-yellow 
when cold (p. 140), and beyond this a slight 
sublimate of sulphur. 

Proustite. 

(Ruby Silver.) 

SAgaS.ASaSs, 

Ruby-red. 

Adamantine. 

F. Conchoidal. 

2-2.5 

5.55 

1 

Hex. Rh. 
Hemimor. 

Xanthoconite. 

(Rittingerite.) 

SAgsS.AsjSs. 

Orange-yellow 
to clove-browu 

Adamantine. 

C. Basal. 

2 

5.54 

1 

Monocl. 

Tabular. 

Upon intense and prolonged heating in the closed 
tube a slight sublimate of oxysulphide of anti¬ 
mony deposits where the glass is very hot. 
This is black when hot, reddish-brown when 
cold (p. 45, g 3), and beyond it there is a slight 
deposit of sulphur. 

Pyrargypite. 
(Dark-red Silver 
Ore.) 

SAg.S.SbaSs. 

Dark-red to 
black. 

Adamantine. 

F- Conchoidal. 

2.5 

5.85 

1 

Hex. Rh. 
Hemimor. 

Pyrostilpnite. 

(Fireblende.) 

SAgaS. SbaSs. 

Hyacinth-red. 

Adamantine. 

C. Piuacoidal. 

2 

4.3? 

1 

Monocl. 

Tabular, 

Contain chlorine^ hromine, or 
Sublimates of the chlo¬ 
ride^ bromide, or iodide of lead 
are obtained by heating with 
galena in a closed tube as di¬ 
rected on p. 68, § 4. 

The chloride and bromide are 
seciile and can be cut with a 
knife like horn. ■: ■ 

The sublimate {lead chloride) is white, both when 
hot and cold. 

Cerargypite. 

(Horn Silver.) 

AgCl. 

Pearl-gray to 
colorless. 

Adamantine. 

F. Uneveu or 
hackly. 

2-S 

5.8-6.0, 

1 

Isometric. 

The sublimate {lead bromide) is sulphur-yellow 
when hot, but white when cold. The chlorine 
in embolite may be detected as directed on u 
69, §5. 

Embolife. 

Ag(Cl,Br). 

Green or yel¬ 
low. 

Adamantine. 

F. Uneven. 

2-8 

5-80 

1 

1 

Isometric. 

Bromyrite. 

AgBr. 

Green or yel¬ 
low. 

Adamantine. 

P. Uneven. 

2-3 

5.8-6.0 

1 

Isometric. 

The sublimate {lead iodide) is dark orange-red 
when hot, lemon-yellow when cold, Oupro- 
iodargyrite may be identified by its reactions 
for copper. 

Miersite. 

Agl. 

Cu is.), w. Ag. 

Yellow. 

Adamantine. 


2 


1 

Imlu. Tet. 

lodyrite. 

Agl- 

i 

Lemon-yellow 

Resinous. 

0. Basal. 

F. Uneven. 

1.5 

5.70 

1 

Hexag. 
Page 190. 

lodobromite. 

Ag(Cl,Br,I). 

Sulphur-yel¬ 
low to green. 

Resinous. 1 

P. U I) even or 
hackly. 

2-3 

5.70 

1 1 

Isometric. 

Cuproiod argyrite. 

Agl.CuI. 

Sulphur- 

yellow. 



2 


i i 

Massive. 


Bivision^ 2.— Lead^ Compomids.— of lead and a yellow coating of lead oxide are easily obtained by fusion on charcoal with sodium carbonate and a little charcoal powder. Bismuth 
gives a very similar reaction, but the globules of bismuth are brittle. The pale azure-blue flame coloration, and the conspicuous iodine tests for lead (p. 89), can he recommended. For the solution of 
lead minerals dilute nitric acid (1 part HKO3 to 2 of water) should he used, and in the solutions hydrochloric and sulphuric acids will give precipitates of lead chloride and lead mlpliaie, respectively. 

K.B. The various salts of lead will he found in this division, with the exception of those compounds (mostly sulphides) which have a metallic luster. 


Carbonates. —Soluble in warm 

Heated in the closed tube a sublimate of lead 
chloride is obtaiued, which fuses to colorless 
globules. 

i 

Phosgenite. 

(PhCl)aC03 = 
PbCOs.PhCU. 

Colorless 

white. 

or 

Adamantine. 

C. Basal and 
prismatic. 

3 

6.2 

1 } 

i 

1 

Tetrag. 

U. cry St, 

dilute acids with evolution 
of carbon dioxide (efferves¬ 
cence). 

Generally it is best to employ 
dilute HHO3, but for Lead- 
hillite use dilute HCl. 

The dilute HOI solution gives with barium chlo¬ 
ride a precipitate of barium sulphate. Gives a 
little water in the closed tube. 

Leadhillifce. 

Pb,(Pb.OH)j(C03)3: 

SO 4 = 2PbCO,. 
(Pb.OH)3S04. 

Colorless 

white. 

or 

Pearly, ada¬ 
mantine. 

C. Basal, per. 

F. Uneven. 

2.0 

6.54 

1.5 1 

Monocl. 

U. cry St. 

Gives water in the closed tube, but does not re¬ 
act for a sulphate. 

Hydrocerussite. 

Pb(Pb.0H)3(C03)a. 

Colorless 

white. 

or 

Pearly. 


1-2 

6.14 

1.5 

Hexag. 

Tabular. 

Gives none of the above reactions. In the closed 
tube, usually decrepitates and is changed to 
lead oxide, which is dark yellow when hot. 

CERUSSITE. 

PhCOs. 

Colorless 

white. 

or 

Adamantine. 

F. Conchoidal. 

3-3.5 

6.55 : 

1 5 

Orthorh. 
Page 206. 


Bivision 2.— Lead Compounds.—Continued ou next page. 
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Division 2. — Lead Compounds, continued 
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II. minerals without metallic luster. 2^ 


B.—Fusible from 1 —. 5 , and Non-volatfl^ or only Slowly or Partially Volatile. 
Pakt I. Give a metallic globule whenfcsed with sodium carbonate on charcoal. 
Division 2.—Lead Conpouiuls.— Continued. 


Ccneral Cbaracters. 

Specific Characters. 

Name of Species. 

Composition. I 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

CrystslH- 

zatioD. 

Sulphate?:.’—When mixed with 
NuaCGa and a little charcoa 
powder, and fused in R. F. on 
charcoal, a mass containing 
sodium sulphide is obtainec 
which blackens a moistened 
silver surface (p. 122, § 2). 

The fine powder is rather soluble 
ill boiling dilute HCl. The so¬ 
lution on cooling deposits lead 
chloride, and, after filtering, it 
gives with barium chloride a 
precipitate of barium sulphate. 

Give water in the closed tube. The HCl solu¬ 
tion gives a blue color when ammonia is added 
in excess. 

Liriarite. 

(pb,Cu)0H]2S04. 

^.zure-blue. j 

7itreous. ^ 

C. Piuac., per. 
Concboidal. 

2.5 

5.45 

1.5 

Monocl. 

Caledonite. I 

[Jpb,Cu)0H]2S04? 

Bluish-green. 

Besiuous. 

B. Basal, per. 

2.5-3 

6.40 

1.5 

Ortborh. 

B. B. gives a strong soda flame. 

Caracolite. 

Pb(0H)Cl.Nai,SO4 

Colorless or 
while. 

Vitreous. 

F. Uneven. 

4.5 


1.5-2 

Orthorb.-„ 

Gives much water in tlie closed tube. Reacts 
for ferric iron, and a phosphate or arsenate. 
Compare Lossenite, beyond. 

Beudantite, 

bDcertain. 
pe'", Pb, Cu, SO4 , 
{P.As)04. 

Olive-green, 
brown, black. 

Resinous. 

C. Basal. 

3.5-4.5 

4-4.30 

3.5 

Hex. Rk. 

Give none of the above reactions. 

ANGLESITE, 

PbSO,. 

Colorless or 
white. 

Adamantine. 

C. Basal. 

B'. Concboidal. 

3 

6.35 

2.5 

Orth orb. 

U. crysl. 

Lanarkite. 

(Pb20)S04. 

Pale-yellow or 
white. 

Pearly, ^ 

adamantine 

C. Basal, per. 

2-2.5 

6.40 

2 

HonocL 

Phosphates, —A few drops of the 
dilute HJSrOs solution, when 
added to ammonium molyb¬ 
date, give a yellow precipitate 
(P.102,gl). 

IS" Compare the Arsenates, be¬ 
low. 

Fusible B. B. alone on charcoal to a globule 
which, on slow cooling, generally becomes 
distinctly crystalline. B. B. in a closed tube 
gives a slight sublimate of lead chloride. 

PYROMORPHITE. 

Pb,{PbCl)(P04)5 = 
SPbs(P04)3.PbCls. 

Green, browui, 
yellowy gray, 
white. 

Resinous. 

i 

F. Uneven. | 

3.5-4 

6.5-7.1 

2. 

Bexag. 
C1.8.p.210 
U. pris¬ 
matic. 

Imparts a green color to the salt of phosphorus 
bead in 0. F. [chromium). 

Vauqueliiiite. 

(Laxmannite.) 

(Pb,Cub(P04)!,. 

‘>(Pb,Cu)Cr04. 

Green and 
brown. 

Resinous. ■ 

F. Uneven, 

2.5-3 

5.8-6.1 1 

2? 

MonocL 

Gives much water in the closed tube. 

Plumbo^^ummite. 

Uncertain. 
fP04), Pb.AULO. 

Yellow, brown 
and green. 

Gum-like. 

F. Uneven. | 4-5 

4-4.9 1 

2 ? 

Hexag.. 

Globular.. 

Arsenates. —A fragment of the 
mineral when placed in a 
closed tube with a few splin¬ 
ters of charcoal, and heated in¬ 
tensely B. B., gives a deposit of 
arsenic (p. 51, § l, a). 

The dilute HNOs solution gives with silver nitrate 
a precipitate of silver chloride. 

2iW*Compare Endlichiie, below. 

Mimetite. 

Pb4(PbCl)(AsO,)4= 

3Ph3(As04)!.PbCl,. 

Colorless, yel¬ 
low, orange, 
brown. 

Resinous. 

F. Uneven. i 3.5 

7-7.2 

1.5 

Hexag. 
C1.8,p.210‘ 
U. prism. 

Ecdemite, 

Pb4AS20,.2PbCl2? 

Yellow to 
green. 

Greasy. 

C. Basal. 

2.5-3 

6.9-7.1 

1.5? ^ 

Ortho rh. 

Fuse B. B. to a magnetic mass. Lossenite reacts 
for a sulphate (p. 122, g 1). 

Carminite. 

Pb3Fe"'.(,(As04),2? 

Carmine-red. 

Vitreous. 

C. Prismatic. 

2.5 

4.10 

2-3 ? 

iOrtborb. 

Losseuite. 

(Fe"'.OH)„(As04)«. 

PbS0,.12H!,0. 

Yellow to 
brownish-red. 

Resinous. 

F. Uneven. 

3-4 j 

2-2.5 

Orthorli. 

TheHNOs solutionis rendered blue by ammonia 
{copper). 

Bayldonite. 

(Pb.CuiatAsOj)!!. 

(Pb,Cu)(0H).,H,0. 

Grass-to black¬ 
ish-green. 

Resinous. 

F. Uneven. 

4.5 

5.35 

2-3? 

Mam mill. 

Imparts a bluisli-jri'eeu color to the NajCO, bead 

in 0. F. [manganese). 

Caryinite. 

RsASaOe. 

B=Mn, Ca, Mjr & Pb. 

Brown. 

Resinous. 

C. Pinacoidai. 
F. Uneven. 

3-3.5 

4.30 

2.5 

Massive. 

Vanadates. to the salt of 
phosphorus bead in 0. F. a 
yellow ^ to deep amber color 
which in R. F. is changed to 
green. 

1 

( 

The dilute HNOs solution gives with silver 
nitrate a jirecipitate of silver chloride. 

Endlicbite is a variety containing a little arsenic. 

Vanadiniie. 

(Endlicbite.) 

Pl),(Pb01)(V04)3 = 
3Pb,(V04),.PbCl,. 

.4siso. w, V. 

: Ruby-red, 
brown and 
yellow. 

Resinous. 

F. Uneven. 

3 

1 

6.9-7.1 

1,5 

i Hexag. 
Page I9(h, 
;U. prism. 

The HlSTOa solution is rendered blue by addition 
of ammonia {copper). Cuprodescloizite is a 
variety of the following mineral. , 

Psittacinite. 

Cuprodescloizite. 

Uncertain. 

(704), Pb, Cu, HaC 

^ Green. 





Qo Mam mill.- 
* ^ 1 earthy. 

R(R.0H)V04. 
R=Pb, Zn&Cu. 

Brown to 
greenish- 

black 

Resinous, 

greasy. 

F. Uneven. 

3.5 

6.20 

.4 ^ lOrthor. 
iRadiated. 

Gives water in the closed tube. Reacts for zinc, | 

Descloizife. 

Pb(Pb.0H)Y04. 

Zn iso. w. Pb. 

Brownish- 
black, browi 
and red. 

Resinous, 

^ greasy, 

F. Uneven. 

3.5 

6-6.10 

1.5 

Orthorli, 
U. crysU 

Sives water in the closed tube. Oontaiiis neitlier , 
Zinc nor copper. 

—___ ) 

Brackebuschite. 

Uncertain. 

( 7 , 04 ). Pb, Fe, Mn 
HaO. 

,jl)ark brown. 

i 



1 

1 


? |Monocl. 

JivisiOK A— liead Compounds.— Continued on next pa^e 

■ A 
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II. MINERALS WITHOUT METALLIC LUSTER. 

B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile. 
Paet I. — Give a metallic globule when fused with sodium carbonate on charcoal. 


Division 2.-Lead Compounds. — Continued. 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

Gkromaies, —Impart to the salt of 
phosphorus bead in 0. F. a 
green color. 

Streak orange-yellow. 

Crocoite. 

PbCrO,. 

1 

Bright-red. 

Adamantine. 

F. Uneven. 

2.0-8 

5.9-6.1 

1.5 

Monocl. 

U. cryst. 

Streak brick-red. 

Phoenicochroite. 

2 PbCr 04 .Pb 0 . 

Red. 

Resinous. 

C. Pinucoidal, 
perfect. 

8-3.5 

5.75? 

1.5 

Orth orb. 
U. mass. 

Alvlj/bdate. —Gives the test for 
inolyhdenuni when treated as 
directed on p. 96, | 4. 

With salt of phosphorus the bead in R. F. is green, 
but in 0. F. it is yellowish-green when hot, 
almost colorless when cold. 

Wulfenite. 

PbMoO.. 

Yellow, 
orange, red, 
gray, white. 

Vitreous to 
adamantine. 

F. Uneven. 

4.5-5 

6.05 

2 

Tetrag. 
Cj.23, p.219. 
U. tabular 

Decomposed by boil¬ 
ing with HCl, leaving a yellow 
residue of tungstic oxide. 

If the tungstic oxide (after decanting off the HCl) 

I is treated first with ammonia, then with HCl 
in excess, and boiled with tin, a fine blue color 
is obtained (p. 128, § 1). 

Stolzite. 

PbWO,. 

Light green, 
yellow, brown 
or red. 

Resinous. 

F. Uneven. 

3 

1 7.9-8.1 

2.5—3 

|Tetra£r. 

Cl. 20, p.219. 

Raspite. 

PbWO,. 

Wax-brown. 

Resinous. 

C. Pinacoidal, 
perfect. 

2.5-3 


2,0—3 

IM onocl. 

Contain anUmony. —Alone on 
charcoal in R. F give a malle¬ 
able lead globule and coatings 
of both lead and antimony 
oxides. Mixed with three 
volumes of NaaCOs and fused 
in charcoal in R, F., give a 
somewhat brittle globule (alloy 
of lead and antimony) which 
yields a sublimate of oxide of 
antimony when rousted in a 
bent open tube (Fig. 17, p. 19). 

Ill the closed tube give a sublimate of lead 
chloride, which fuses to colorless globules. 

Nadorite. 

PbClSbO,. 

Smoky- to 
yellowish- 
brown. 

Resinous. 

C. Pinacoidal, 
perfect. 

3.5-4 

7.0 

1 : 

1 

Orthorh. 

Ochrolite. 

Pb,Sb,0,.PbCl<,? 

Sulphur- to 
grayish-yellow 

Adamantine. 




1.5? 

Orthorh. 

In the closed tube gives w’ater. 

Bindheimite. 

Uncertain. 

SbsOs. PbO and 
HaO. 

Gray, yellow, 
brown. 

Resinous to 
dull. 

F. Uneven. 

4 

4.6-5.0 

3-4 

A morph. 

Contain chlorine, but do not give 
the reactions of the foregoing 
sections.—Soluble in warm, 
dilute HNOs. The solution 
gives with silver nitrate a pre¬ 
cipitate of dher cMoride. 

B. B. give a blue or green flame. 

The HNOs solution is rendered blue by addition 
of ammonia {copper). 

Percylite. 

(Bol^ite.) 

PbCuCl2(OH)5. 

Indigo-blue. 

Brilliant. 

C. Cubic, per. 

3 

5.08 

1 

Isometric. 

Cubic. 

Cumengite. 

PbCuCG(OH),. 

Indigo-blue. 

Brilliant. 

C. Pyramidal. 

3 

4.71 

1 

Tetrag. 

Give DO water in the closed tube, but yield a 
sublimate of lead chloride which fuses to color¬ 
less globules. Cotunnite is wholly volatile 
when heated in the closed tube, while the 
others leave a residue of easily fusible lead 
oxide. 

Cotunnite. 

PbCU. 

Colorless or 
white. 

Adamantine. 

F. Uneven. 

1-2 

5.80 

1 

Orthorh. 

Penfieldite. 

2PbCh.PbO. 

Colorless to 
white. 

Vitreous to 
greasy. 

C. Basal, per. 
F. Uneven. 

2.5 

i 


1 

Hexag. 

Prismatic. 

Matlockite. * 

PbCla.PbO. 

Pale yellow to 
white. 

Adamantine, 

pearly. 

C. Basal. 

F. Uneven. 

2.5-3 

7.20 

1 

Teirag. 

Tabular. 

Mendipite. 

PbCla.SPbO. 

. 

Pale yellow to 
white. 

Pearly to 
adamantine. 

C. Prismatic, 
pel', and basal. 

2.5-3 

7.10 

1 

Orthorh. 

Columnar 

Gives sublimates of both water and lead chloride 
in the closed tube. 

Laurionite. 

PbCl(OH). 

Colorless or 
white. 

Adamantine. 

F. Uneven. 

3-3.5 


1 

Orthorh. 

Contains iodine. — The dilute 
HNOs solution gives with silver 
nitrate a precipitate of silver 
iodide. 

Gives a sublimate of lead iodide (dark-red when 
hot, yellow when cold) and iodine vapors in the 
closed tube. 

Schwartzenbergite. 

Pb{I.Cl)a.2PbO. 

Honey- to 
straw-yellow. 

Adamantine. 


2-2.5 

6.2-6.3 

1 

Hex. Rh. 


Division 2.— Lead Compounds.— Concluded on next page. 
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II. MINEKALS WITHOUT METALLIC LUSTER, 

B.—Fusible from 1-5, and Non-volattle, or only Slowly or Partially Volatile. 
Pakt I. Give a metallic globule when fused with sodium carbonate on charcoal. 


Division 2.— Lead Compounds.— Concluded. 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

8ilicates.--T)xQ three first min¬ 
erals are readily decomposed 
by HNOs and yield gelatinous 
silica upon evaporation. Mela- 
notekite and Kentrolite are 
best decomposed by HCl, but 
contain too little silica to give 
a good jelly. They leave a 
residue of silica, however, when 
the HCl solution is evaporated 
to dryness and then treated 
with acid. Hyalotekite is 

insoluble in acids, but may be 
tested as directed on p. 110, §4. 

G-ivesthe reaction for sulphur (p. 122, § 2). 

The only mineral containing the sulphite radical. 

Roeblingite. 

5H2CaS104. 

2(Pb0Ca)S03. 

White. 

Dull-white. 


2.5-3 

3.43 

3 

Granular. 

Distinguished by differences in physical proper¬ 
ties and by the presence of calcium (CaO = %) 
in Ganomalite. 

Barysilite. 

Pb,Si,0,. 

White. 

Pearly. 

C. Basal. 

3 

6.50 

2.5 

Hexag. 

LMinellar. 

Ganomalite. 

PbaSiaOv-fCa, Mn)2 
Si04. 

Colorless to 
, 2 :ray. 

Resinous to 
vitreous. 

F. Uneven. 

3 

5.74 

3? 

Tetrag. 

B. B. in R. F. fuses to a magnetic bead. 

Melanotekite. 

(Fe"',03)Pb3(Si0,)3 

Dark-brown to 
black. 

Sub-metallic. 

F. Uneven. 

5-5.5 

5.85 

2-2.5 

Orlhorh. 

Imparts a reddish-violet color to the borax bead 
in 0. F. {manganese). Soluble in HCl with 
evolution of chlorine. 

Kentrolite. 

(Mn403)Pb3(Si04)3. 
Pe iso. w. Mn. 

Black. 

Sub-metallic. 

F. Uneven. 

5-5.5 

6.19 

2-2.5 

Orthorh. 

Reacts for barium (p. 53, § 8, S) and boron (p. 
56, § 2). 

Hyalotekite. 

R4(F,OH)B(Si03)6. 
R = Pb, Ba & Ca. 

White to gray. 

Vitreous to 
greasy. 

C. Two direc¬ 
tions. 

5-5.5 

3.80 

3? 

Massive. 

Oxides.—I>o not give the reac¬ 
tions of the foregoing minerals. 

The colors of the different minerals are very 
characteristic. Plattnerite and Minium give 
oxygen gas when heated in the closed tube 
(p. 100, §1) and leave readily fusible lead 
oxide (PbO). 

Plattnerite. 

PbO,. 

Brown-black. 

Sub-metallic. 

F. Uneven. 

5-5.5 

8.50 

1.5 

Tetrag. 

U. mass. 

Minium. 

Pb304. 

Red. 

Dull or greasy. 


2-3 

4.6? 

1.5 

Pulveru¬ 

lent 

Massicot. 

PbO. 

Sulphur-to red¬ 
dish-yellow. 

Dull. 


2 

8-9.2 

1.5 

Massive, 

Scaly. 


Division 3.—Bismuth Compounds .—Globules of bismuth which are brittle and a yellow coating of hkmuih oxide are easily obtained by fusion B. B. on charcoal with sodium carbonate. The 
red sublimate obtained by heating on cliarcoal with a mixture of potassium iodide and sulphur (p. 5o, § 2) may be recommended as a very characteristic test for bismuth. 


Carbonaies. — Dissolve in HCl 
with evolution of carbon di¬ 
oxide (effervescence). 

In the closed tube gives little or no water. 

Bismutosphfierite. 

(BiO),C03. 

White or gray. 

Dull. 

F. Uneven. 

8-3.5 

7.42 j 

1.5 J 

lotryoid. 

Vlassive. 

In the closed tube gives water. 

Bismutite. 

(Bi0)(Bi.20H)C03. 

White, green, 
yellow. 

Dull. 


4-4.5 

6.9-7.7 

1.5 

A.morph. 

Earthy. 

Contains chlorine. — The dilute 
HITO 3 solution gives with silver 
nitrate a precipitate of silver 
chloride. 

In the closed tube gives water. 

Daubr6eite. 

2 Bi 3 O 3 .Bici 3 . 3 H 3 O. 

Yellowish- to 
gray ish-w bite. 

Dull. 


2-2.5 

6.45 

1.5? 

Aniorph. 

Earthy. 

Soluble in HCl, and 
yield gelatinous silica upon 
evaporation. 

Distinguished by differences in crystallization. 

Eulytite. 

Bi.iSiO,),. 

Hair-brown, 
yellow, 

colorless. 

Resinous to 
adamantine. 

F. Uneven. 

4.5 

6.1 

2 

Isom. Tet. 
U. cryst. 

Agricolite. 

Bi4(Si04)3. 

Yellow, hair- 
brown. 

Adamantine. 


3? 

6? 

2 

Monocl. 

Globular. 

Yanadaie .—Imparts to the salt 
of phosphorus bead in 0. F. a 
yellow and in R. F. a green 
colo r. 

Soluble in HCl. 

Pucberite. 

BiVO,. 

Reddish- 

brown. 

Vitreous to 
adamantine. 

C. Basal, per. 
F. Uneven. 

4 

6.25 

2 

Ortborh.. 
U. cryst.. 

Arsenates .—A fragment of the 
mineral when placed in a 
closed tube with a few splin¬ 
ters of charcoal, and heated 
Intensely B. B., gives a deposit 
of arsenic (p. 51, § 1, a). 

Ccmpare Mixite (p, 264). 

Imparts to the salt of phosphorus bead in R. F. 
a green color {uranium). 

Walpurgite. 

Bi3o(U02)3(OH)a4 

(As04)4. 

Wax-yellow. 

Adamantine to 
greasy. 

C. Pinacoidal. 

3.5 

5.76 

1.0 

Triclinic, 

React only for arsenic, bismuth and water, 
Atelesite decrepitates. 

Atelestite. 

(Bi.20H)(Bi0)2 

ASO 4 

Sulphur- 

yellow. 

Adamantine. 

F. Uneven. 

3-4 

6.40 

1.5 

Monocl. 

Rhagite. 

3 Bi( 0 H),. 2 BiAs 04 ? 

Yellowish- 
green to wax- 
yellow. 

Resinous to 
adamantine. 

F. Uneven. 

5 

6.80 

1.5? 

Mammill. 

Teilurate .—When mixed withNaaCOs and charcoal powder and heated in a closed 
tube, sodium telluride is formed, which, when treated with water, yields a 
reddish-violet solution (p. 124), 

Montanite. 

(Bi. 20 H)aTe 04 . 

Yellow, green 
and white. 

Dull, 




1.5? 

Massive. 

Earthy. 
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26S 


11. MINERALS WITHOUT METALLIC LUSTER. 263 

B.—EusiMe from 1—5, and Non-volatile, or only Slowly or Partially Volatile. 

Paet I. Give a metallic globule when jused with sodium carbonate on charcoal. 

Division 4.— Antimony Compounds. —Globules ofaniimony which are brittle, and a wdU coating of antimony oxide, are obtained by fusing B. B. on charcoal with sodium carbonate. 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

Bused with NaaCOs, then treated 
with HCl and boiled with tin, 

Mauzeliite gives a reaction for lend. 

Mauzeliite. 

(Ca,Pb,Naa)4 

TiSb.O.,. 

Brown. 



6-6.5 

5.10 


Isometric. 

the solution assumes a violet 
color (iitanium, p. 127, § 2). 

Compare DerbyUte (p. 25oj. 

Lewisite. 

(Ca,Fe)5Ti2Sb6024. 

Honey-yellow 
to brown. 

Resinous. 

0. Octahedral. 

5.5 

4.95 

3-4? 

Isometric. 

Gives no reaction for titanium. 

B. B. fuses to a magnetic mass. 

Tripuhyite. 

Fe",Sb,0,. 

Greenish- 

yellow. 

Resinous. 



5.82 

4-5? 

* 

B. B. fuses to a dark non-magnetic slag. 

Roineite. 

CaSbaO.. 

Honey-yellow. 


F. Uneven. 

j 5.5 

4.70 

i Tetrag. 


Division 5.—Copper Compounds.—A globule of copper may be obtained by mixing a small quantity of the mineral with sodium carbonate and fusing on charcoal in a reducing flame. In 
some cases (when iron is present) it is advisable to use a littl (3 borax with the sodium carbonate in order to make the copper unite to a globule (p. 73, § 2 ). When arsenic is present it may happen that 
a somewhat brittle globule containing arsenide of copper will result. Moistened with hydrochloric acid and heated B. B. the minerals color the flame azure-blue or green (p. 72, § 1 ). When dissolved 
in acids the solutions are rendered deep-blue by addition of ammonia in excess. 

N.B.—Nearly all of the minerals containing copper which have uon-metallic luster will he found in this division. Most of them have either a green or a blue color. 


Characterized by a deep-red 
color. 

Note the reaction for cuprous 
oxide. 

An ivory-spoonful of the powdered mineral dis¬ 
solved in 1 c.c. of boiling HCl, then treated 
with cold water, will give a white precipitate 
of cuprous chloride (p. 74, § 5). 

CUPRITE. 

(Ruby Copper.) 

Cu,0. 

Intense ruby- 
red. 

Adamantine. 

F. Conchoidal 
or uneven. 

3.5-4 

6.00 

3 

Isometric. 
C!,4,p.219 
Figs. 95 
to 104. 

Varbonaies. — Soluble in HCl 
with evolution of carbon di¬ 
oxide (effervescence). 

Give water in the closed tube. Readily distin¬ 
guished by their color. 

MALACHITE. 

(Cu.0H)jC03 = 
CuC03.Cu(0H).. 

Bright-green. 

Vitreous. 

C. Basal, per. 

F. Uneven. 

8.5-4 

3.9-4.0 

3 

Moiiocl. 

U.mamm. 

AZURITE. 

(Cu.0H)..CmC03)3 

= 2 CnC 03 .Cu( 0 H )3 

Intense azure- 
blue. 

Vitreous. 

F. Conchoidal 
or uneven 

8.5-4 

3.77 

3 

M«u](k.*1. 

U. cry ST. 

Contain chlorine. —Impart to the 
blowpipe flame an azure-blue 
color without previous moist¬ 
ening with HCl. Silver nitrate 
gives a precipitate of silrer 
chloride when added to the 
dilate HNOs solution. 

The HCl solution gives a slight precipitate with 
barium chloride {sulphate). 

Spaiigolite exhibits pyro-eiectricity (p. 231). 

Spangolite. 

(AlCljSO,. 

6Cu(0H)3.3H30 

Dark-green. 

Vitreous. 

C. Basal, per. 

2-3 

3.14 

c; Rexair. 
|ci.i.3.p.2in. 

Connellite. 

Cu,3(C1,OH),SO.„. 

10 H 30 . 

Beautiful-bhie 

Vitreous. 

F. Uneven. 

3. 

3.36 

2.5 

Hexag. 

Prismatic 

Gives no water in the closed tube. 

Nantokite. 

CuCl. 

Colorless or 
white. 

Adamantine. 

F. Conchoidal. 

2-2.5 

3.93 

1.5 

Isometric, 

Give acid water in the closed tube. 

Atacamite. 

Cu2C1(OH)3 — 

■ CnCl2.30u(OH)3. 

Deep emerald- 
green. 

Adamantine, 
vitreous. . 

C. Piuac., per. 
F. Conchoidal. 

3-3.5 

3.75 

3-4 

Orthorh. 
U. cry St. 

Footeite. 

8 Cu(OH) 2 .CuCl 2 . 

4 H 2 O ? 

Deep-blue. 






Monocl. 

Contjiins iodine. — Colors the 
blowpipe flame intense green. 

Heated with potassium bisulphate in a c’oised 
tube gives vapors of iodine. 

Marshite. 

Cul. 

Reddish- 

brown. 

Resinous. 

F. Uneven. 



1.5? 

Isom. Tei. 


Division 5.— Copper Compounds.—Continued on next page. 
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IL MINEKALS WlTHOfJT METALLIC LIJSTEK. 

B.—Fusible from 1-5, and Nou-volatile, or only Slowly or Partially Volatile. 
Part I. —Give a metallic globule when 'used with sodium carbonate on charcoal. 
Division 5.*—Copper Compounds. — Continued. 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Lu.ster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation, 

Stdphates. —The di¬ 
lute HCl solution 
gives with barium 
chloride a precip¬ 
itate of barium 
sulphate. Give 

the sulphur reac¬ 
tion on moistened 
silver after previ¬ 
ous fusion with 
ITaaCOa and char¬ 
coal powder (p. 
122, 1 2). 

Wholly sol¬ 
uble in wa¬ 
ter. 

Gives much water in the closed tube. Character¬ 
ized by its color. 

Chaicanihite. 

(Blue Vitriol.) 

CuS0..5H.O. 

Azure-blue 
(rather deep). 

V'itreous. 

P. Conchoidal. 

2.5 

2.2 

3 

rriclinic,' 
Page 217. 

Gives little or no water in the closed tube. 

Hydrocyanite. 

t—— -— 

CttSO.. 

Pale green, 
brownish- 
yellow. 





3 

3rlliorh. 

Yields a magnetic mass after beating B. B. on 
charcoal. 

Pisanite. 

(Fe,Cu)S04.7H20. 

Bright-blue. 

V'itreous. 

C. Basal. 

2.5 


3-4 

^lonocl. 

Imparts a yellow color to the blowpipe flame 
{sodium). 

Krohnkite. 

CuS04.Ha2S04. 

2H2O. 

Azure-blue. 

Vitreous. 

2!. Prismatic. 

P. Conchoidal. 

2.5 

1.98 

1 

Monocl. 

Reacts for potassium (p. 106, § 3). 

Cyanochroite. 

CuS04.K»S04. 

6H,0. 

Blue. 

Vitreous. 




1? 

^lODOCl. 

Insoluble or 
only partly 
soluble in 
water. 

Gives little or no water in the closed tube. 

Dolerophanite. 

(Ca40)S04. 

Brown. 


! 



3 

! 

Monocl. 

The HCl solution gives with ammonia a precipi¬ 
tate of aluminium hydroxide (seen with difla- 
cnity unless filtered). 

Cyanotricliite. 

(Lettsomite.) 

CU4AI2SO10.8H2O. 

Clear-blue. 

Pearly. 



2.7 

3 ^ 

1 

Orth orb. 

U. capilL 

Gives the reaction for an arsenate (p. 51, § c). 

Lindackerite. 

(Cu.OH)4CusNi3 

(S0.)(AsO4)4.5H»0. 

Verdigris- to 
apple-green. 

Vitreous. 


2-2.5 

2-2.5 

2-S? 

(Jrthorh. 

Distinguished by differences in crystallization 
and color. 

Herrengrundite reacts for calcium. 

Brochanfite. 

CuS04.3Cu(0H)5. 

Deep emerald- 
green. 

Vitreous. 

C. Piiiuc., per. 
F. Uneven. 

3.5-4 

3.9 

3.5 

0 nil orb. 

U. cry St. 

Langite. 

CuSO,.3Cu(OH)4. 

H.O. 

Blue to green¬ 
ish-blue. 

Vitreous. 

C. Pinacoidal. 

2.5-3 

3.50 

3.5 

Orth orb. 

Herrengrundite. 

2(Cu.0H)2S04. 

Cui0H)!i.3H,0. 

Caiso. w. C'li. 

Emerald- 

green. 

Vitreous. 

C. Basal, 

2.5 

3.1 

3.5 

Monocl. 

Nitraie. —Heated in the closed 
tube gives red vapors of nitro¬ 
gen dioxide, ISTOa. 

Gives strongly acid water in tbe closed tube. 

Gerhardtite. 

Cu(]sr03)2. 

3Cu(OH)2 

Deep emerald- 
green. 

Vitreous. 

C. Basal, per. 

2 

3.42 

3 

Orth orb. 

ATsenates. — When heated in¬ 
tensely B. B. in a closed tube 
with a few splinters of char¬ 
coal, most of these minerals 
(all of the easily fusible ones) 
are reduced and an arsenical 
mirror is formed (p. 51, § a). 
When the foregoing treatment 
Goes not yield a satisfactory 
result, the method given on 
p. 51, § c, may be used. 

Arsendies concluded on next 
page. 

Fu.ses B. B. on charcoal to a magnetic mass. 
Reacts fox ferric iron (p. 85, §4). 

Chenevixite. 

Cu2(FeO)2 

(As04)2.3H20. 

Dark-green to 
olive-green. 

Dull. 

P. Uneven. 

3.5-4.5 

3.93 

2.5 

Massive. 

Compact. 

A drop of dilute H2SO4 produces in the concen¬ 
trated HCl solution a precipitate of calcium 
sulphate (p. 59, § 3). 

Conichalcite. 

(Cu,Ca)(Cu.OH) 

(As,p) 04 .|Hs 0 . 

Emerald-green 

Vitreous. 

F. Splintery. 

4.5 

4.12 

2.5-3 

Massive. 
Maui mill. 

Tyrolite. 

(Cu,Ca)(Cii.OH)4 

(As0,)2.7H40, 

Pale apple- 

green. 

Pearly and 
vitreous. 

C. Basal, 
foliated. 

1-1.5 

3.05 

2-2.5 

Orthorb. 

Gives a coating of oxide of zinc when fused on 
charcoal in R. F. with a little NaaCOs. 

Veszelyite. 

7(Cu,Zn)0. 

(As,P)205.9H20' 

P Greenish-blue. 

Vitreous ? 


3.5-4 

3.53 


Triclinic? 

Heated on charcoal with potassium iodide and 
sulphur gives a red sublimate (p. 55, §2). 

Mixite. 

Cu4(Cu.OH)e 

Bi(As0,)6.7H20: 

P Pale-green. 

Vitreous. 


3-4 

3.79 

2 

Capillary. 

Imparts to the salt of phosphorus bead in R. F. 
a green color {uranium). 

Zeiinerite. 

Cu(TJ02 )2( As04)2 . 

8H20 

' Emerald- 

green . 

Pearly and 
vitreous. 

C. Basal, per. 
P. Uneven. 

2-2.5 

3.2 

3 

Telrju’: 

U. tiibul. 

Barium chloride produces in the dilute HCl solu¬ 
tion a precipitate of barium sulphate. 

Lindackerite. 

(Cu.OH),Cu,Ni3 

(S04KAs04l4.5H3C 

Verdigris- to 
) apple-green. 

Vitreous. 


2-2.5 

2-2.5 

2-3? 

Orthorb. 

B. B. cracks and then fuses. Reacts for alumin¬ 
ium (p. 42, § 2). 

Liroconite. 

(Cu.OH)9 

[A]4(0H).1 

(ASOA.20H2O 

Sky-blue, at 
y times greenish. 

Vitreous. 

P. Uneven. 

2-2.5 

2.9 

3-3.5 

Monocl. 

' i 

Has a tendency to exfoliate and fall to pieces 
when heated B B. 

Ciinociasiie. |(Cu,0H)3As04. 

1 Dark-green or 
1 bluish-green. 

Pearly and 
vitreous. 

C. Basal, per. 

2.5-3 

4.36 

2-2.5 

iMonocl. 


OiTisioF 5 —Conner Coni pounds.—Concluded on next page. 
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11. MINEEALS WITHOUT METALLIC LUSTEE. 

B.—Fusible from 1-5, and Hon-volatEe, or only Slowly or Partialis? 

Volatile. 

Paet I.—Give a metallic globule when fused with sodium carbonate on 

charcoal. 

Division 5. —Copper Compounds, concluded. 



II- mineeals without metallic lustee. 

B.—Etisible from 1—5, and Non-volatile, or only Slowly or Partially Volatile. 
Paet I. Give a metallic globule when fused with sodium carbonate on charcoal. 
Division 5.— Copper Compounds. —Concluded. 


— — 1 

General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

ATsenaies, concluded. — When 
heated intensely • B. B. in^ a 
closed tube ’with a few splin¬ 
ters of charcoal, most of these 
minerals (all of the easily fusi¬ 
ble ones) are reduced and an 
arsenical mirror is formed (p. 
51, § a). When the foregoing 
treatment does not yield a satis¬ 
factory result, the method 
given "on p. 51, §c, may be 
used. 

Decrepitates violently when heated in the closed 
tube. 

Chalcophyllite. 

(Cn.OH)3As04. 

Cu(0H)s.34H30. 

Grass-green. 

Pearly and 
vitreous. 

C. Basal, joer. 

2 

2.4-2.6 

2-2.5 

Hes. Rh. 
U. tabul. 

After fusing B. B. in the forceps the globule 
appears distinctly crystalline. Euchroite con¬ 
tains water of crystallization, and loses it 
readily in a closed tube like gypsum (p. 82, 
§ 1, h). Olivinite gives a little water at a faint 
red heat. 

Olivenife. 

Cu(Cu.0H)As04. 

Blackish- and 
olive - green 
to brown. 

Vitreous to 
adamantine. 

F. Uneven. 

3 

4.4 

2 - 2.5 

Orthorh. 
U. prism. 

Euchroite. 

Cu(Cu.0H)As04. 

3 H 2 O. 

Emerald-green 

Vitreous. 

F. Uneven. 

3 . 5-4 

3.39 

2-2.5 

■ 

Orthorh. 

As these minerals have not been observed in dis¬ 
tinct crystals, a quantitative determination of 
some of their constituents may be necessary for 
identification. Erinite contains 5 per cent of 
water, Cornwallite 8, Leucochalcite 10, and 
Trichalcite 16. 

Erinite. 

Cu(Cu.OH)4{AsO,)3 

Emerald-green 

Dull to resin¬ 
ous. 

F. Uneven. 

4.5-5 

4.04 

2-2.5 MammilL 

Cornwallite. 

Cu(Cu.OH)4 

(As04)3.3H30. 

Emerald-green 


F. Uneven. 

4.5 

4.16 

2-2.5 1 Massive. 

Leucochalcite. 

Cu(0u.OHjAsO4. 

H 2 O. 

White to pale- 
green. 

Silky. 




2-2.5 jCapillary. 

Trichalcite. 

Cus(As04)a,5H80. 

Verdigris- 

green. 

Silky. 


2.5 


2-2.5 

Column." 
Radiated. 

Fhos'p?iates.-^h,\iXX\Q of the HNOg 
solution when added to ammo¬ 
nium molybdate gives a yellow 
precipitate (p. 102, § 1). 

Fuses B. B. on charcoal to a magnetic mass. 
Reacts tor ferric iron (p. 85, §4). 

Chalcosiderite. 

Cu(Fe,Ai)2FeO)4 

(P 04 ) 4 . 8 Il 20 . 

Light- to dark- 
green. 

Vitreous. 

0. Pinac,, per. 

4.5 

3.1 

4-4.0 

Triclinic, 

Imparts to the salt of phosphorus bead in E. P. 
a green color {uranium). 

Torbernite. 

(Uran-mica.) 

Cu(XJ02)2(F04)2. 

8 H 20 . 

Emerald- to 
apple-green. 

Pearly and 
vitreous. 

C. Basal, per.^ 
foliated. 

2-2.5 

3.4-3 .6 

3 

Tetrag. 

U. tabul. 

Distinguished by differences in crystallization 
and physical properties. 

Libetheltiie. 

Cu(Cu.0H)P04. 

Dark-green to 
olive-green. 

Resinous. 

F. Uneven. 

4 

3.6-3 .8 

2-2.5 

Orthorh, 

Dihydrite. 

Cu(Cu.0H)4(P04)2. 

Dark emerald- 
green. 

Vitreous. 

F. Uneven. 

4.5-5 

4-4.4 

2-2.5 

Monocl.? 
Triclinic ? 

Pseudomalachite. 

(Cu.0H)3P04. 

Emerald- to 
dark-green. 

Vitreous. 

F. Uneven. 

4.5-5 

4.1-4.4 

2 - 2.0 

Massive. 

U. botryo. 

Tagilite. 

Cu(Cu.0H)P04. 

H 2 O. 

Emerald-green 

Vitreous. 

F. Uneven. 

3-4 

4.07 

2-2.5 

MonocL 

U. fibrous. 

Vanadates, —Give the reaction for vanadium when treated as directed on p. 130, 
12 . Calciovolborthite contains 5 and Yolborthite 34 per cent of water. 

Calciovolborthite. 

(Cu,Ca)(Cu.OH) 

VO 4 . 

Green to gray. 


C. Pinacohial. 

3.5 

3.0- 

3.86 

1 . 0-2 

Tabular. 

Granular. 

Yolborthite. 

(R.0H)3Y04.6H20. 
R = Cu, Oa, Mg & Ba. 



C. Pinac., per. 

3-3.5 

3.55 

1.5? 

Tabular, 

Tungstate, —Decomposed by boiling HCl, leaviug a yellow residue of tungstic 
oxide | 1 ). 

CuprotuDgstite. 

CUWO 4 . 

Ca iso. w. Cn. 

Pistachio- to 
olive-green. 

Vitreous. 

C. Pinacoidal. 

4.5-5 


3? Granular. 

Selenite, —When heated in a closed tube, a little water and a less volatile, liouic 
sublimate of selenious acid are obtained. Break off the end of the tube and 'tesi 
^ the volatile sublimate for the flame coloration as directed on p. 107. 

Chalcomenite. 

CuSe03.2H20. 

Beautiful-blue 

Vitreous 

F. Uneven. 

2 . . 5-3 

3.76 

1 

! 

1.0 jMonocI 
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IL MINERALS WITHOUT METALLIC LUSTER. 

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially 
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Division 1.—Soluble in bydrocbloric or nitric acid without a perceptible residue and 
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266 MINEEALS WITHOUT METALLIC LUSTEE. 

B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile. 

Part IL-Become magnetic after heating before the blowpipe in the reducing Mm^.-Iron, Cobalt and McTcel Compounds. 

DmsiON 1.—Soluble in bydrocliloric or nitric acid without a perceptible residue and without yielding gelatinous silica upon evaporation. For details concerning the method of making this test 
see Part III, Division 2, p. 275. 


General Characters. 

Specific Characters. 

h« arne of Species. 

Composition. 

Color, 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

f^pecific 

Gravity. 

Fusi¬ 

bility. 

Crystalliv 

zation. 

nmd hydroxides of iron .— 

Streak brownish-red (Indian-red, red-ocher). 
Compare Turgiie and Hematite (p. 253). 

HEMATITE.(Earthy 

non-crystalline.) 

PcaOs. 

Indian-red. 

Dull. 

F. Splinterj'-. 

5-0.5 

4.2-5.0 

5 - 5.5 

Earthy, 

Reniform. 

^ Difficultly "fusible. " Become 
strongly magnetic after beat¬ 
ing B. B. in R. B. Hematite 
is anhydrous, the others give 
water in the closed tube. 

Streak yellowish-brown (yellow-ocher). 

Gothite is generally found in distinct crystals, 
while the others are not. 

GOETHITE. 

FeO(OH) = 

PesOs.HaO. 

Dark- to yel- 
lowish-brown. 

Adamantine to 
dull. 

C. Pinac., per. 
F. Splintery. 

5-5.5 

4.37 

5 - 5.5 

Orthorh. 
U. prism. 

LIMONITE. 

(Brown Hematite.) 

Fe403(0H)g = 

^FeaOa.^HsO. 

Dark- to yel¬ 
lowish-brown. 

Silky or dull. 

F. Splintery. 

5-5.5 

3 . 6 - 4.0 

5-5.5 

Miimmill. 

Stalactitic 


Xanthosiderite. 

Pe.O(OH )4 = 

Fe, 03 . 2 H, 0 . 

Ocher-yellow7 

Silky or dull. 


2.5 


5-5.5 

Capillary. 

Earthy. 

Carbonate .—Soluble in hot HCl 
with effervescence. 

In the closed tube becomes black and magnetic. 

SIDERITE. 

(Spathic Iron.) 

FeCOa. 

Mg, Mn, & Ca iso.w.Fe. 

Light- to dark- 
brown. 

Vitreous to 
pearly. 

C. Rhombo- 
liedral. per. 

3,5-4 

3.8 

4.5-5 

Hex. Rh. 
U. ciyst. 

u 7 .t: oo 

JU ?c • 

® ^ ^ 

React for feo^- 
rous iron, but 
not for ferric. 

Wholly soluble in cold water. 

Melamcerite. 

(Copperas.) 

FeS04.7H30. 

Apple-green. 

Vitreous. 

C. Basal, per. 

2 

1.9 

4.5-0 

MonocL 

oj o o S 9 

>•03 0 Ti ^ 

Halotrichite. 

FeAl,(S0.)4.24H,0 

Yellowish- 

white. 

Silky. 




4.5-5 

Monoci.? 

Triclinic? 

"So P o 

a o ^ i 9 


Wholly soluble in cold water. 

Romerite. 

Fe'W^'2(S04)4. 

12 H 2 O. 

Light- to dark- 
brown. 

Vitreous. 

C. Pinac., per. 

3 -S .5 

2.15 

4.5-5 

Triclinic. 

*•9 ^ ^ 

,2 a S >-'« 

olw la 

K =t= . “ = 

o o a £ ca s 

^g-'-SSo 


Gives with the salt of phosphorus bead a chro¬ 
mium reaction. 

Knosvillite. 

(Fe.JVIg) 

[(Fe,Cr,Al)OH], 

(SO.)8.oHsO? 

Greenish- 

3 ^ellow. 


C. Basal, per. 



4.5-0 ? 

Orthorh. 

React for both 
ferrous and 

i 

iBotryogen. 

1 

(Mg,Fe)(Fe.OH) 

{S04),.7H,0. 

Hvacinth-red. 

Vitreous. 

C. Prismatic. 

2-2.5 

2-2.15 

4.5-5 

]\lonoci. 

U. hotry- 
oidal. 

s=: Q ^ 

•§ S ^.O 

. *0 'w ^ 

ferric iron. 

Partly soluble in water, leaving generally a yel¬ 
lowish, ocher-like residue. 

Voltaite. 

Fe"3(Pe.OH), 

(Fe,Al)4(S04)io. 

I 4 H 3 O? 

Mgr, K^, Na 2 iso. w. Fe. 

Oil-green to 
greenish-black 

Resinous. 

F. Uneven. 

i 

3 

2,79 

1? 

Isometric? 

»C5 JZ2 :/i ‘r-t 

« a 



Metavoltaite. 

(K:a,Ha 2 ,Fe)’ 6 Fe^'a 

(Fe'".0H)4(S04)i2. 

I 6 H 2 O? 

Yellow. 



2.5 

2.53 

4.5-0 

Hexag. 

Scales. 

^ d = A 

S 

2J I % 

® J3 ® 

React for ferric 
iron, but not 
for ferrous. 

Imparts a yellow color to the blowpipe flame 
(sodium). 

Perronatrite. 

]Sra,Fe(S04)3.3H20. 

Pale greenish- 
white. 

Vitreous. 

C. Prismatic, 
peofect. 

2 

2.55 

1.5 

Hex. Rh. 

U. radiat. 


Coquimbiie. 

Fe5(S04),.9H,0. 

While, green, 
amethystine. 

Vitreous. 

F. Uneven. 

2-2.5 

2.1 

4.5-5 

Hex. Rh. 
U. cryst. 

Wholly sol¬ 
uble in cold 

Contain no other base than iroB. 

Quenstedtite. 

Fe2(SO4)3.10H2O. 

Reddish-violet 

Vitreous. 

C. Pinacoidal, 
perfect. 

2.5 

2.11 

4.0-5 

i^IODOCl. 

T1 S 

water. 


1 

Ibleite. 

Fe2(S04)3.12H20. 

Orange-yellow 

1 




1.8 

4.5-5 

Botrvoi- 
*' dal. 

c; ^ *£ O 

-c c ' S-t 
*7 w's r* 

{ o ^ ^ c 

React for ferric 
iron, but not 
for ferrous. 
Insoluble, or 
only partially 

Imparts an intense yellow color to the blowpipe 
flame (sodium). 

Sideronatrite. 

Haa(Fe.0H)(S04)2. 

2 H 2 O. 

Orange to 
straw-yellow. 

: Silky. 

C. Pinacoidal. 

2-2.5 

2.35 

2 

Orthorh. 

Fibrous. 

1 

3''^ a . 

Does not give water in the closed tube at lo’w 
temperature. Reacts for potassium (p. 105, 

1 

Jarosiie. 

K(Fe.20H)3(S04)«. 
Na iso. w. K. 

Ocher-yellow 
to clove- 

brown. 

Vitreous. 

C. Basal. 

2.5-3.5 

3.2 

4.5 

Hex. Rh. 
U. cryst. 

Q CQ ^ OlC<?0 

« ^ H 

soluble,in cold 

1 water.—Cont’d 

With ammonium molybdate gives the reaction' 
for a phosphate (p. 102, §1). j 

Diadochite. ’ 

2(Fe.0H)804. 

2 FeP 04 .Ha 0 . 

Yellow or yel¬ 
lowish-brown. : 

Resinous. 

F. Conchoidal. 

3 

2.03 

3? 

Monoci. 


Division 1,—CoDtinued on next page. 






11. MINERALS WITHOUT METALLIC LUSTER. 


B.—Fusible from 1^6, and I^'on-volatile, or only Slowly or Partially 

Volatile. 

Part II.—Become magnetic after heating before the blowpipe in the 

reducing flame. 


Division 1, continued. 



367 minerals without METALLIC LUSTER. MT 

B.—Eusible from 1—5, and K'on-volatile, or only Slowly or Partially Volatile. 

Past II. —Become magnetic after heating before the blowpipe in the reducing flame.— Iron, Cobalt and Nickel Oomjoounds, 

Division l.—Continued. 


Oeneral Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli* 

zatioB. 


Yield an arsenical mirror when placed in a 
closed tube with a fragment of charcoal, and 

Pitticite. 

Uncertain. 

Fe,(As04),(S04), 

HaO. 

Yellowish- to 
reddish- 

brown. 

Yitreous, 

greasy. 


2-3 

2.2-2.5 

2? 

Massive. 
Ren i form. 


heated intensely before the blowpipe (p, 51, §«.). 

Lossenite. 

rFe.0H)9(As04)fi. 

PbS04.12H,0. 

Yellow to 
brownish-red. 

Resinous. 

F. Uneven. 

3-4 


2-2.5 

Orthorh. 

Sulphates, concluded.—Barium 
chloride when added to the 


Castanite. 

(Fe. 0 H)S 04 . 

SiHsO. 

Chestnut- 

brown. 

Yitreous. 

' 3 

i 

2.12 

4.5-5 

Monocl. 

Prismatic* 

dilute HOI solution gives a 
precipitate of harium sulphate 


Copiapite. 

Pe2(Fe.OH),(SO,)5. 

17HsO. 

iSulphur- 

yellow. 

Pearly. 

C. Pinacoidal. 

2.5 

2.1 

4.5-5 

Monocl. 

Tabular. 

fp. m, §1). ^ ^ , 

When heated in the closed tube 
give acid water, and, gener¬ 
ally, the odor of sulphur di¬ 
oxide is perceptible at the end 
of the tube. 

React !ot ferric iron, but not for 
ferrous, when tested as directed 
on p. 85, |4. 

Insoluble, or only partially sol¬ 
uble, in cold water. 


Utahite. 

H.Fe.SsOj... 

Orange- 

yellow. 

Silky. 




4.5-5 

Hex. Rh. 
Tabular, 

Except in the case of Cyprusite, which contains a 

Amarantite. 

(Fe.0H)S04.3H20. 

Orange- to 
brownish-red. 

Resinous. 

C. Two direc¬ 
tions, per. 

2.5 

2.28 

4.5-5 

Triclinic. 

Prismatic. 

little aluminium, these minerals have only iron 
as the base. When heated in the closed tube 
a residue of ferric oxide is left, which, when 
crushed, gives a red mark (red-ocher). 

Fibroferrite. 

(Fe. 0 H)S 04 . 

4iH30. 

Pale-yellow. 

Silky. 


2—2.0 

1.85 

4.5-5 

Monocl.? 

Fibrous. 

Raimondite. 

Fe4(0H).(S04)3. 

4 H 2 O. 

Honey- to 
ocher-yellow. 

Pearly. 

C. Basal, per. 

3-3.5 

3.2 

4.5-5 

Hexag. 

Tabular. 


Carphosiderite. 

Fe6(0H)i olSO,),. 

4HsO. 

Straw-yellow. 

Resinous. 

C. Basal. 

4-4.5 

2.5-2.7 

4.5-5 

Hex. Rh.? 
Reniform. 



Qlockerite. 

(Fe.30H)!.S0.. 

2Fe(0H)s.H20? 

Brownish- 

black to 
ocher-yellow. 

Resinous. 

Earthy. 



! i 

t 

4.5-5 

Massive. 

Earthy. 



Cyprusite. 

Al(Fe0),(80.)5. 

7 H 5 O. 

Yellow. 



2 

1.75 

4.5-5 

Hexag. 

Ttibular. 


Give a blue color to the borax bead {cobalt). 
The HOI solution has a rose color. 

Erythrite. 

(Cobalt Bloom.) 

C 03 (As 04 ) 2 . 8 H 20 , 

Crimson to 
peach-red. 

Pearly, 

vitreous. 

C. Pinac., per. 

1 . 5 - 2.5 

2.95 

2.0 

I 

Monocl. 

Prismatic 

Arsenates. — When heated in¬ 

Amiahergite below sometimes contains suffi¬ 
cient cobalt to give a blue color to borax. 

Forbesite. 

H(Ni,Co)As 04 . 

34 H 2 O. 

Grayish-white. 

Silky. 


3.6 

3.1 


Fibrous. 

tensely B. B. in a closed tube 
with a fragment of charcoal the 
arsenate is reduced and ad 
arsenical mirror is formed (p. 
51, § a). 

Provided the mineral contains 
much calcium it is best to heat 
in a closed tube with KasCOs 
and charcoal-dust, as directed 
on p. 51, %h. 

Color the borax bead in 0. P. violet when hot, 
browu when cold. The HCl solutions have a 

Annabergite. 

(Nickel Bloom.) 

Ni3(As04)2- 8 H 2 O. 
Co iso. w. Ni. 

Apple-green. 

Pearly, 

vitreous. 

0. Pinac., per. 

1.5-2.5 


4 

Monocl. 

Capillary. 

green color. Cabrerite is a variety of anna- 
hergite containing magnesium. 

Cabrerite. 

(Ni,Mg)3(As04)2. 

8 H 2 O. 

Apple-green. 

Pearly. 

C. Pinac., per. 

2 

2.95-3.1 

4-0 

Monocl. 
Prism at. 


Pharmacosiderite. 

Pe(Fe. 0 H )3 

(As 0 ,) 3 . 6 H 30 . 

Green, yellow, 
brown, red. 

Adamantine. 

F. Uneven. 

! 2.5 

2.9-3.0 

1.5-2 

Isom. Tet. 
U. cr>’’st. 

Contain ferric and no ferrous iron. The HOI 
solutions have a yellow color, and the addition 
of ammonia in excess produces a reddish- 
brown precipitate of basic ferric-arsenate. 

Scorodite. 

FeAs 04 . 2 H 20 . 

Pale-green or 
brown. 

Yitreous. 

F. Uneven. 

i 3.5-4 

! 

3.2 

2 - 2.0 

Orthorh. 

U. cryst. 

Mazapilite. 

[Pe4(OH)6]Ca3 

( As04)4. 3 H 2 O. 

Black to 
brownish-red. 

Sub-metallic. 

F. Uneven. 

i 4.5 

3.57 

2-3? 

Orthorh. 

Prismat. 


Arseniosiderite. 

[Fc4(OH)c](Ca.OH)3 

(As04)3. 

, Yellowish to 
golden-brown. 

Silky. 

Fibrous. 

|l-3 

3.5-3.8 

0 

0 

iFibrous- 


Bmsioi? 1.—-Concluded on next page. 





II. MIISTERALS WITHOUT METALLIC LUSTER. 


B,—Fusible from 1-5, and Hon-volatile, or only Slowly or Partially 

Volatile. 

Part II. — Become magnetic after heating before the blowpipe in the 

reducing flame. 


Division 1, concluded. 
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II. MINEEALS WITHOUT METALLIC LUSTER 
B.-I'usible from 1-5, and Non-volatile, or only Slowly or Partially Volatile. 

Pabt II.-Become magnetic after heating before the blowpipe in the reducing flame.-Jrc,., Colali and Mckel Compoums. 

Division 1 .—Concluded. 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli- 

zation. 

HNO 3 solution gives with ammonium molybdate a yellow precipitate of 
ammonium pliospbomolybdate (p. 102 , § 2 ). 

The pale bluish-green flame due to phosphorus may usually be seen when these minerals 
are heated before the blowpipe. When moistened with H 2 SO 4 the color is more decided. 

Contain mangaiuBe. — 
Impart to the borax 

Colors the blowpipe flame red (litiiium). Gives 
little or no water in the closed tube. 

Triphylite. See 
lithophilite, p. 276. 

Li(Fe,Mn)P 04 . 

Light blue, 
green, or gray 

Resinous. 

C. Basal, per., 
& Pinacoidal. 

45-5 

3.55 

2.5 

Orthorh. 
U. mass. 

bead in 0. F. a red¬ 
dish - violet color. 
React fox ferrous iron 
when the dilute HCl 
solution is tested with 
potassium ferrocyan- 
ide (p. 85, § 4). 

Compare the phos¬ 
phates of iroti and 
manganese on p. 276, 

Reacts for fluorine (p. 76, § 2). Gives little or 
no water in the closed tube (OH iso. w. F). 

Triplite. 

R(RF)P04. 

E = Fe & Mn, with a 
little Ca & Mg. 

Chestnut- to 
blackish- 
brown. 

Resinous. 

C. Two direc¬ 
tions. 

F. Uneven. 

4-5.5 

3.6-8.8. 

2.5 

MonocL 

U. mass. 

Gives 'water in the closed tube. B. B. fuses 
easily. 

Triploidite. 

R(R.0H)P04. 

R = Fe and Mn. 

Yellowish- to 
reddish-brown 

Vitreous, 

greasy. 

C. Pinac., per. 
F. Uneven. 

4.5-5 

3.70 

3 

Monocl. 

Prismat 

Gives water in the closed tube. B. B. exfoliates 
and afterwards fuses on the edges. 

Childrenite. See 
eosphorite, p. 276. 

(Fe,Mn)(A1.30H) 

PO 4 .H 2 O. 

Yellowish- 
browm to 
brownish- 
black. 

Vitreous, 

resinous. 

C. Pinacoidal. 
F. Uneven. 

4.5-5 

3.20 

4 

Orthorh. 
Fiir. 309, 
Page 207. 

React for ferrous iron 
(p. 85, §4). Contain 
little or no manga¬ 
nese. 

When gently heated in a closed tube, Vivianite 
whitens, while Ludlamite darkens. Both 
darken on intense ignition. 

Vivianite. 

Fe3(P04).4.8H20. 

Blue, bluish- 
green to 
colorless. 

Pearly to 

vitreous. 

C. Pinac., per. 

1.0—2 

s. 6 - 3.7 

2-2.5 

Monocl. 

U. prism. 

Ludlamite. 

FeslPe.OH), 

(P 04 ) 4 . 8 H, 0 . 

Pale-green. 

Vitreous. 

C. Basal, per. 

3-4 

3.12 

2-2.0 

Monocl. 

U. tabular 

React for ferric iron 
when the dilute HCl 
solution is tested with 
potassium ferrocyan-j 
idc (p. 85, §4). 

All of the minerals in 
this section give 
water in the closed: 
tube. i 

After precipitation of the iron with ammonia and 
filtering, the solution has a blue color {copper). 

Cbalco.siderite. 

Cu(Fe,Al) 2 (FeO )4 

(P04)4.8H20. 

Light to dark 
green. 

Vitreous. 

C. Pinac., per. 

4.5 

3.1 

4-4.5 

Triclinic. 

If a drop of dilute H 2 SO 4 is added to the concen¬ 
trated HOI 4 solution, a precipitate of calcium\ 
sulphate will be formed. 

Borickite. 

Ca(Fe. 20 H )4 

(P04)2.3H20? 

Reddish- 

brown. 

Wax-like. 


3.0 

2.7 

3-4 

Massive, 
Ren i form 

Calcioferrite. 

Ca3(Fe.OH)3 

(P04)4.8H20. 
Al iso.w. Fe & Mg.w.Oa 

Sulphur- to 
greenish- 
yellow. 

Pearly. 

0. One direc¬ 
tion, per. 

2.5 

l 

2.52 


Massive. 

Foliated. 

Reacts for aluminium, after separating the iron 
with potassium hydroxide as directed on p. Hi. 

Barrandite. 

(Al,Fe)P04.3H20. 

Pale blue, 
green or yel¬ 
low. 

Vitreous, 

greasy. 

F. Splintery, 

4.5 

2.57 


Spheroid¬ 

al. 

Radiated. 

Contain only iron as the base, 

_ 

Dufrenite. 

Fe2(0H)3P04- 

Dull olive- to 
blackish-green 

Silky. 

F. Splintery. 

3.5-4 

3.2-3.4 

2.5 

Or! h orb. 

U.Fibrous 

Beraunite. 

(Eleonorite.) 

{Fe.OH)o(P 04 )a. 

2 iH20. 

Reddish- 

brown. 

Vitreous. 

C. Pinacoidal. 


2.95 

3 

Monocl. 

U. foliat. 

Phosphosiderite. 

2FeP04.3i-H20. 

Pale-red or 
reddish-violet. 

Vitreous. 

C. Pinac., per. 

3.75 

2.76 

2.5-3? 

Orthorh. 

Strengite. 

FePOi.SHsO. 

Pale-red or 
reddish-violet. 

Vitreous. 

0. Pinacoidal. 
F. Uneven. 

3-4 

3.87 

I 2.5-3 

Orthorh. 
U. cryst. 

Koninckite. 

PeP04.3H20. 

Yellow. 

Vitreous. 

F. Splintery. 

3.5 

2.3 

2.5-3 

Radiated;. 

Cacoxenite. 

Fe2(0H)3P04. 

4 JH 2 O. 

Golden-yellow 

Silky. 


3-4 

3.38 

2.5-3 

Radiated.. 

When heated with the potassium bisulphate and fluorite mixture, momen¬ 
tarily colors the flame green (p. 56, § 1). Reacts for both ferric and ferrous iron. 

Ludwigite. 

3MgB204. 

Fe"Fe'"204. 

Blackish-green 
nearly black. 

Dull, silky. 

F. Splintery. 

5 

3.9-4.0 

4.5 

Orthorh. ^ 
Fibrous* 

TeUmiU. —Gives a fusible sublimate of TeOa in the open tube. Reacts for ferric 
iron. 

Durdenite. 

Fej(TeOs),.4H.O. 

Greenish- 

yellow. 

Vitreous. 


; 2-2.5 



Massive. 

MammilL 







(Page 269.) 

IL MINEEx^LS WITHOUT METALLIC LUSTER. 

B.—Pnsible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Part II.—Become magnetic after heating before the blowpipe in the 

reducing flame. 


Division 2. —Soluble in hydrochloric or nitric acid, and give gelatinous silica upon 
evaporation, or decomposed with the separation of silica. 
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II. MINEEALS WITHOUT METALLIC LUSTER. 

B.— Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile. 

Paet II.—Become magnetic after heating before the blowpipe in the reducing flame.— Cobalt and NicTcel Compounds. 

Division 3.-Soluble in hydrochloric or nitric acid and give gelatinous silica upon evaporation, or decomposed with the separation of silica.-For details concerning the method of makine 
this test see Part HI. Division 8, p. 278, and Division 4, p. 281. ^ 


General Characters. 

Specific Characters. 

Name of Species, 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

j Crystalli¬ 
zation. 

Give much water in the 
closed tube. 

G-elatinize with hydro¬ 
chloric acid. 

Compare Allanite be¬ 
low, which often contains 
considerable water. 

Cronstedtite occurs usually in crystals with tri¬ 
angular cross-section; Thuringite in aggrega¬ 
tions of minute scales. 

Cronstedtite. 

HsFe'TFe^'TSi^Oao? 

Mg iso. w. Fe. 

Black to 
brownish- 

black. 

Vitreous. 

C. Basal, per. 

3.5 

3.85 

4 

Hex. Rh. 
Hemimor. 

Thuringite. 

Hi8Fe"8(Al,Fe)8 

Si604i? 

Olive- to pis¬ 
tachio-green. 

Dull. 

F. Tough, 
uneven. 

2.5 

3.18 

4 

Compact. 

Scaly. 

Decomposed by hydro¬ 
chloric acid with the sep¬ 
aration of silica, but 
without forming a jelly. 

Radiated or foliated. 

Stilpnomelane. 

(Chalcodite.) 

He(Fe,Mg),(Fe,Al). 

SiaOie? 

Greenish- to 
yellowish- 
bronze. 

Pearly, bronze- 
like. 

C. One direc¬ 
tion. 

3 

2.75 

4.5 

Foliated. 

Velvety. 

Gives a reaction for chlorine when tested as 
directed on p, 08, § 8. 

Pyrosmalite. 

H,(FeCl)(Fe,Mn)4 

(Si04)4. 

Pistachio- 
green to 

brown. 

Pearly to 
vitreous. 

C. Basal, pe7\ 

4-4.5 

3 . 1 - 3.2 

3 

Hexag. 

Prisnratic. 

1 Give little or no water in the closed tube. 

Soluble in HCl with slight 
evolution of hydrogen 
sulphide. 

ThQ fine potcder when fused with a little NaaCOs 
oil charcoal gives a coating of zinc oxide. 

Danalite. 

(Helvite). 

R»(Il5S)(SiO.)3. 

R = Be, Fe, Zn & Mn. 

Flesh-red 

to gray. 

Vitreous, 

resinous. 

F. Uneven. 

5.5-6 

3.43 

4.0-5 

Isom. Tet 

Micacedus or foliated. 

Gelatinizes with HCl. 

LEPIDOMELANE. 

(K,HbFe",(Pe,Al)2 

(Si04)3? 

Black, 

greenish-black 

Adamantine to 
pearly. 

C. Basal, per. 

3 

3-3.2 

4.5—5 

Honocl. 

Sliglitiy attacked by HCl with separation of 
silica. 

BIOTITE. See 
ike m icas, p. 284. 

(K:,H)2(Mg,Fe)2 

(Ai,Fe)2(Si04)3. 

Green to 
greenish-black 

Splendent, 

pearly. 

C. Basal, per. 

2.5-3 

2.8-3.1 

5 

Monocl. 

Readily decomposed by HCl with separation of 
silica. The solution when boiled with tin be¬ 
comes violet p. 127, §2). 

Asfrophylllfe. 

(B:,Na,H)4 

(Fe,Mn,Mg,Ca)4 

Ti(Si04)4. 

Zr iso. w. Si. 

Bronze- to 
golden-yellow. 

Pearly. 

C. Pinac., per. 

3 

3.3-8.4 ! 

1 

1 

1 

2.5-3 

Orthorh. 

Gelatinize with hydro - 
chloric acid. Give decid¬ 
ed reactions for both fer¬ 
rous and ferric iron (p. 
85, §4). 

Fuses quietly. 

ilvaiie. 

(Lievrite.) 

CaFe" 2 {Fe'".OH) 

( 8104 ) 2 . 

Iron-black. 

Black. 

F. Uneven. 

5.5-6 

4.05 

2.5 1 

Ortiiorh. 
U. prism. 

Swells and froths during fusion. The presence 
of the rare-eartli metals may be detected as 
directed on p. 65. 

Allanite. 

R"2(R"'.OH)R'"a 

( 8104 ) 3 . 

R" = Ca & Fe. 

R'"=A1, Fe,Ce, La,&Di 

Brown- to 
pitch-black. 

Gray. 

F. uneven to 
couchoidal. 

5.5-6 

3.0-4.2 

2.5 

Monocl. 

U. mass. 

Gelatinizes imperfectly. 

Characterized by ils iso¬ 
metric crystallization. 

Reacts mostly for ferric, although it may also 
contain some ferrous, iron. 

ANDRADITE. 

(Calcium-iron 

Garnet.) 

Ca3Fe2(8i04)3. 

Fe, Mn & Mg iso, w. Ca; 
A1 iso. w- Fe. 

Wine, greenish 
yellow, green, 
brown. 

Vitreous, 

adamantine. 

F. Uneven. 

7 

3 . 75 - i 

3.85 

3.5 

Isu metric. 
Fius. 97, 
ion. 100. 

Gelatinize. Give strong 
reactions for ferrous iron, 
and little or none for 
ferric. 

Sometimes magnetic before beating, owing to 
the presence of included particles of magnetite. 

Fayalite. 

(Iron Chrysolite.) 

Fe2Si04. 

Yellow to dark 
yellowish, 
green. 

Resinous. 

C. Pinacoidal. 
F. Uneven. 

6.5 

4.32 

4 

Ovlhorh, 

U. mass. 

Closely related to FayaUU, but differing in con¬ 
taining some magnesium, manganese or zinc, 
isomorpboiis with the iron. Test for manga¬ 
nese with the NaaCOs bead, for zinc by fusing 
with KaaCOs on charcoal, and for magnesium 
as directed on p. 91, § 1, &. 

Hortonolite. 

(Fe,Mg,Mn)2Si04. 

Yellow to dark 
yellowish- 
green. 

Resinous. 

0. Pinacoidal. 
F. Uneven. 

6.5 

4.03 

4.5 

lOrtborh. 
U. mass. 

Knebelite. 

(Fe,Mn,Mg)2Si04. 

Gray, brown, 
green. 

Greasy. 

C. Pinacoidal. 
F. Uneven. 

6.5 

3.9-4. 1 i 

3 

Onliorh. 
;U. masr 

Roepperite. 

(Fe,Mn,Mg,Zn )2 

8104. 

Y^ellow to dark 
yellowish- 
green. 

Greasy. 

C. Pinacoidal. 
F. Uneven. 

5.5-6 

8.95 

4.53 

lU. mass. 

1 








II. MINERALS WITHOUT METALLIC LUSTER. 

B.-Pusible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Part II.—Become magnetic after heating before the blowpipe in the 

reducing flame. 

Division 3.-Insoluble in, or only slightly acted upon by, acids. 



jLi. WITHOUT METALLIC LUSTER, 

e.—Fusible from 1—6, and Non-volatile, or only Slowly or Partially Volatile, 

Pabt II-Become magnetic after heating before the blowpipe in the reducing flame.-Jron, CoMt and McM Compounds. 

Division IDso^able in, or only siigbtly acted upon by, acids. 


General Characters. 

specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture, 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility, 

Crystalli¬ 

zation. 

I/Ontains tungsten, —Character¬ 
ized by an exceptionally high 
specific gravity. 

Test for lung.sten as directed on p. 129, 
Colors the NaaCOs bead in 0. F. green {man¬ 
ganese). 

Wolframite. 
(Mangane.se variety.) 

^ (Mu,Fe)W04. 

Black. 

Sub-metallic. 

C. Pinac., per. 
F. Uneven. 

5-5.5 

7.2-7.5 

4 

MonocL 
U. cryst. 

M!icaceous. 

Easily fusible. Tinges tbe blowpipe flame red 
{UiMum). 

Zinnwaldite. 

(K,Li)3Fe''(A10) 

(A]F2)Al(Si03)6. 

OH iso. IV. P. 

Gray, brown, 
violet. 

Pearly, 

C. Basal, per. 

2.5-3 

2.8-3.2 

3.5-3 

Monoel. 

Difficultly fusible. 

aiOTITE. See «ie 
micas, p. 284 , 

(K.H)2(Mg,Fe)2 

(Al.Fe),(SiO,)3. 

Green to 
greenish-black 

Splendent, 

pearly. 

C. Basal, per. 

2.5-3 

2.8-3.1 

0 

ImohocL 

Distinguished by its isometric 
crystallization. 

Fused garnet is soluble in HCl, and yields a jelly 
on evaporation. 

ALMANDITE, 

(Iron-aluminium 

Garnet.) 

Fe"3AU(Si04)3. 
Mn.Mg & Ca iso.w. Fe; 
Fe iso. w. Al. 

Deep-red to 
brownish-red. 

Vitreous. 

F. Uneven. 

7-7.5 

4-4.15 

B 

1 

llsometric» 
|Figs. 97, 
1105. 106. 

Quietly and difficultly fusible. 

Often has a peculiar metal-like schiller. 

Qon\x>w\'t Ahihophyllite {\). 287), which may 
become magnetic after heating B.B. 

Hypersthene. 

(Mg,Fe)Si03. 

Greenish- 
black, bronze- 
brown. 

Bronze-like. 

C. Pinnc., per. 
F. Uneven. 

5-6 

3.4-3.5 

3 

Ortborh. 
U. mass. 

Fusible B. B. with intumescence, 
and impart a decided yellow 
color to the flame {sodium). 

The perfect prismatic cleavage 
of these minerals at angles of 
about 125® and 55® is charac¬ 
teristic. 

2;^ Compare these members of 
the Amphihole Group of min¬ 
erals with those on p. 288. 

Contains titanium (p. 127, § 2). The irou is chiefly 
ferrous (test as directed on p. 86). 

.Enigmatite. 

Uncertain. 

(Fe",Mn,Ca), 

(Fe'",Al),Ka, 

(Ti,Si),0. 

Black. 

Vitreous. 

C. Prismatic. 

F. Uneven. 

6 

8.7-3.8 

3 

Triclinic. 

The iron is chiefly ferrous. 

Arfvedsonite. j 

(Fe,]Sra2,Ca)4(Si03)4 

Fe2(Al.Fe)2Si20,2. 

Black. 

Vitreous. 

C. Prism., per. 
P. Uneven. 

6 

3.45 

2.0 

Monocl. 

Prlsrualic 

Usually has a fibrous structure. The irou is both 
ferrous and ferric. 

Crocidolite. 

1 ]SriiFe"'(Si03)2. 
UFe",Mg.Ca)Si03. 

Intense 

lavender-blue. 

Silky. 

P. Fibrous. 

4 

3.2-3.3 

3.5 : 

Fibrous. 

Contains both ferrous and ferric iron. 

Riebeckite. 

(2Na,Fe"'(Si03)3. 

■( (Fe,Ca)Si03. 

Black. 

Vitreous. 

C. Prism., per. 

6? 

3.43 

3? |; 

Monocl. 

Fuses quietly B. B., coloring the 
flame yellow {sodium). The 
fused globule is not very mag¬ 
netic. 

The prismatic faces make nearly a right angle 
(93®) with one another. The cleavage is not 
very perfect. 

Acmiie. 

(uEgirite.) 

KaFe'"(Si03)a. 

Greenish- to 
brownish- 
black. 

Vitreous. 

C. Prismatic. 

P. Uneven. 

6-6.5 

3.50 

o rr 

„.0 J 

Monocl. 

Prismatic. 

Fuses quietly, and without 
marked flame coloration. 

Contains both ferrous and ferric iron and much 
calcium. 

Babingtonite. 

J (Ca,Fe,Mn)Si03. 

1 Fe2(Si03)3. 

Greenish-black 
to black. 

Vitreous. 

C. One direc¬ 
tion, perfect. 
F. Uneven. 

5.5-6 

3.35- 

3.40 

3-3.5 i- 

Friclinic 

U. cryst. 


Compare tbe dark-green and black varieties of P^/roxene, Ampldhole, Tourmaline and oilier Silicates in Division 5, p. 283, which may contain sufficient iron to cause them to become somewhat 
magnetic when heated before the blowpipe. 
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II. MINEEALS WITHOUT METALLIC IjUSTER, 

B.'-Fusible from 1-5, and ISTon-volatile, or only Slowly Partially 

Volatile. 

Part HI. —sodium carbonate on cliarcoal do iwl- (jive a metaMlc (jh)b- 
tde, and when fused alone in the reducing llaine do not become maifutdic. 

Division 1.—After intense ignition before tlie l)]o\v])ipe, either in the forceps or on 
cliaT'Coal, the ignited material gives mi alkaline reaction when placed 
on turmeric-paper. 


function a.—Easily and Completely /Soluble in Water. --1\\ part. 
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II. MINERALS WITHOUT METALLIC LUSTER. 

m 

B.—Fusible from 1—5, and on-volatile, or only Slowly or Partially Volatile, 

Past III. _With sodium carbonate on charcoal do Qiot give a metallic globule, and when fused alone in the reducing flame do fiat become magnetic. 

Division 1 —After intense ignition before the blowpipe, either in the forceps or on charcoal, the ignited material gives an alkaline reaction when placed on moistened turmeric-paper. 

Section a.—Easily and completely soluble in water. 


^ I i 


^ ^minerals in this section are chiefly suits of the alkali metals, sodiu7n and potassiuMj with volatile acids {hydrochloric, carbonic, sulphuric, and nitne). Most of tliein have a decided saline 
taste * Flame tests will generally serve to identify the metals, and it is recommended to make the tests on platinum wire as directed on p, 35. IVIost mincnils will inipni i some 3 ’cllow color to tlic flame 
(p 115 § 1) but only those containing sodium as au essential constituent give an intense and persistent yellow. The violet flame of potassium, whicii may not be very evident, has a decided purpli.^h-red 
color when viewed through rather dark blue glass (p. 105, ^ 1). 


General Characters. 

Specific Characters. 

Name of Species. 

1 

Composition. 

Color. 

lAister. 

and 

Fract iir»‘. 

Hani- 

ru\‘.s. 

Spncifh* 

(iraviiy. 

Fusi- 

Itilily. 

Frystalli* 
/ai it !Ji. 

gs| 

Combinations of a 
chloride with a sul- 
The aqueous 
solution made acid 
with a little HCl 
gives a precipitate 
with harium chlo¬ 
ride (p. 123, §1). 

Gives a slight effervescence when a fragment is 
dropped into acid. 

Haiiksite, 

9Na2SO,.2Nii,C<),. 

KCl. 

Colorless or 
white. 

Vitreoms. 

C. llasal. 

F. I’ll even. 

3-3.5 

0 r-T 

...00 

1.5 

IlexaL- 

ISU. 

-The aqueous soluti 
h HNO 9 , gives w 
i precipitate of st 

Does not effervesce. Gives a ^ndkjw flame 
[sodiwn). Reacts for.(p. 75, § 1). j 

Sulpliohalite. 

2Na9SO,.Nn(fl. 

NaF. 

Colorless or 
white. 

Vitreous. 

F. CneviMi. 

3.5 

2.50 

1 

IsoiiHdric. 
Fig. t)7. 

Does not effervesce. Gives a violet flame' 

( potassium). 

Kaiiiite. 

MgSO 4 .KCl. 3 HA). 

Colorless or 
white. 

Vitreous. 

0. Piiiiu ttithil. 

2.5-3 

2.05-2.2 

1.5-2 

Monoc‘1. 


Gives au intense yellow flame [sodium). 

HAUTE. 

(Comnion Salt.) 

NaCl. 

Colorless, 
wliite, red, 
blue. 

Vitreous. 

C. Ctihie, per. 

2.5 

2.13, 

15 

Isouieiric*. 
U. euhic. 

1 *3 

•3 c3 

Do not give the fore¬ 
going reaction for a 
sulphate. 

Gives a violet [potassium). Sylvite is an¬ 

hydrous. Carnallite contains mucii water. 

SYLVITE. 

KCl. 

Colorless or 
white. 

Vitreous. 

(\ Culrie, per. 

j 

2 

1,0-2.0 

1.5 

Lsomelrie. 

Figs.OtS.in) 

Contain ehlor 
made acid 
silver niti 
chloride. 

Carnallite. 

MgCla.KCl.GHA). 

Colorless, 
wliite, red. 

Vitreous. 

,F. (hmchoidal. 

1 1 

i 

1.6 

1-15 

Orthorh. 

Give a yellowish-red flame [calcium). Delitpiesce 
readily. Tachydrite melts in its water of 
crystallization. 

Ilydrophilite, 

1 , , . 

CaCb. 1 

Colorless or 
white. 

Vitreous. 

1 


2.2 

15 

Isometric. 


Tachydrite. 

1 

3MgCla.CaCl.... 

1211.0. 

Wax- to honey- 
yellow. 

Vitreous, j 


2.5 


1 

Hex. Rh. 

Carbonates. — Effervesce when 
treated with acids. All min- 

Melts in its water of crystallization when gently 
heated in a closed tube. Water 63 per cent. 

Natron. 

(Sal-soda.) 

NauCOs.lOH.O. 

Colorless, 
gray, white.! 

Viii‘<‘ous, i 

i\ Masai. 

F. (’onchoidal. 

1-1,5 

1.4-1.45 

1 

Mo nod. 

erals in this section give a 
yellow flame [sodium). Theii 

, Gives water and carbon dioxide (p. 64, ^ 2) when 
‘ gently heated (not to fusion) in a closed tul)c. 

Trona. 

Na,COa.HNaO()n. 

2ir,o. 

ColorIes.s, 
gra^n wliite. | 

Vitreous. j 

(Minac., per. 
F. Cneveii. 

2.5-3 

2.1-2.15 

15 

Mono cl. 

aqueous solutions give an alka¬ 
line reaction with turmeric- 
paper. 

, Gives water (14 per cent) but no carbon dioxide 
when gently heated in a closed tube. 

Thermonatrite. 

Na.OO 3 .HA>. 

White, gray, 
yellow'. 

VitreouH. 

Somewhat 

sectile. 

1-1.5 

1.5-10 

1.5 

Ortliorli 


Division 1, Section a.—Continued on next page. 









(Page 272.) 

IL MINEEALS WITirOUT METALLIC LUSTER. 

B.—PiisiblG from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

pAUT III. —Witli sodiuiu oarboiKiio on charcoal do not give a metallic ghh* 
^lley and wlieii fused alone in the reducing flame do not become magnetic. 

Division 1.—After intense Ig-nitidii before the blowpipe, eitlier in the forceps or on 
chiirconl, tlu^ i!Xnite<l material gives an alJcaline reaction when jAaced 
on tiirineric-paper. 


Section a.—Emily and Completely Soluble inWuier. —Continued. 



Sulphates. —The aqueous solutions, made acid with HCJ, give with barium chloride a white 
precipitate of barium sulphate (p. 122, § 1), but do not give the reactions of the preceding 
divisions. The test on silver, after the reduction of the sulphate to a sulphide, may also be 
applied (p. 122, §2). ____ __ 


II. MIEEEALS WITHOUT MEl^ALLIC LIJSl^EE. 
from 1—5, and Non-volatil©, or only Slowly or -Partially Volatile. 

Paet III._With sodium carbonate on charcoal do not give a metallic glolmle^ and when fused alone in the reducing flame do mi Ucmne niagneftc. 

Division 1 .—After intense ignition before the blowpipe, either in the forceps or on charcoal, the ignited material gives an alkaline reaction when placed on moistened turmeric-paper. 

Section a.—Easilp and completely soluble in wnf<?n—Coutinued. 


General Characters. Specific Characters. 

'■'“j Gives a yellow flame (sodiwm), which appears 

I purplish-red when viewed through blue glass 

Give no water in the {poiasdum), ___ 

closed tubts and are 


from the sulphates in 


monium (p. 43). 


Contain aluminium ,— _ _ ,, ^ « / j- \ 

In a solution made B. B. swells and gives a yellow llaiiio {xodwm). 

acid with HCl, am- .....—---—- 

monia gives a precip¬ 
itate of aluminium B. B. swells and gives a violet llamo {poiassifwi). 

hydroxide (p 42, § 2). _ 

^ Gives the odor of ammonia when heated in a 
Contain magnesium .— closed tube with lime (p. 42). i 

In a solution made - r- -;— 7 :- ;r. -, 7 ' 

acid with HCl, am- no pronounced flame coloration. 1 lie alka-, 
monia produces no reaction may not bo very strong. Have: 

precipitate (provided taste. • • o or-r I 

the solution is not Compare Sulphates, Division 2, p.27 5._ 

too concentrated), but 

rddeTto tbe soludou coloration {sodium). 

made alkaline with 

ammonia, gives a pre--- 

cipitate of ammonium . , ^ v 

i'na‘>'nesium phos-brive a violet flame coloration {poiassiimi), 
phate (p. 91, § 1), Langbeinite is anhydrous. 

Contain sodium.—Im Heated in a bulb tube with potassium bisulphatc* 
part an intense, yel- yields red vapors of HO 3 (nitrate test), p. 100 . 
low color to the blow-_____ 

pipe or Bunsen-burn-ammonia when heated in a 
er names, but do not closed tube with lime (ignited calcite). 
give the reactions of \ > 

the foregoing divi- , , I 

sions. Gives much water (55 per cent) in the closed tube. 

Contain potassium .— 

Impart a violet color ^ sour taste. 

to the flame, but do____ 

Sparingly soluble in water. Eeacts for caldu.n 
sions. ^ 

Division 1. Section a. — Concluded on next page. 


Name of Species. 

C'ompositiou. 

Color. 

Luster. 

CU‘avage and 
I'l'act ui'e. 

Hard¬ 

ness. 

SpeciOc 

Gravity. 

, Fusi 
bility. 

Crystain- 

zatiou. 

Aphtliitalite, 

(K,Na)i.S04. 

Colorless or 
white. 

A^itreous. 

C. Prismatic. 

I 

3-2.5 

2.65 

1.5 

Hex. Rh. 

Thenardite. 

Ha.S04. 

Coi<)rle.s.s, 

white, 

brownish. 

Vitreous. 

C. Btisjil. 

P. Uneven. 

2-3 

3.69 

1.5-2 

Orthorh. 

Taylorite. 

Ko(NHA(S003. 

Yellowish- 

white. 

Vitreous. 


2 


1.5? 

Massive. 

Meudozite. 

NaAl(SO,1^.12ir.O. 

White. 

Silky-vitreous.: 

i 

F. .Fibrous. 

3 

1.88 

1? 

Mtissive. 

Fibrous. 

Kalinito. 

(Potash Alum.) 

KAliS()..)..12II.A). 

(Jolorless or 
while. 

Vitreous. 

F. Conehoidal. 

2-3..') 

1.75 

1 

Tsom.Pyr. 
U. lihious 

Boussin;j;;iult it <‘. 

(UiuO. 

Colorless or 
white. 

Vitr(‘ous. 

i 



1.7 

1 . 5-2 ‘t 

M ouoel. 

Epsomite. 

(K{»sein Sail .) j 

MgS04.7H30. 

Colorless or 
white. 

Vhreous. 

(’. Pinac., per. 
F. ('onchoidal. 

2-2.5 

1.7 

1 

Onlinili. 

Piige 307. 

1 

Kieserite. 

MgSO.,.n 30 . 

White, gray, 
yd low. 

ViirCiiU.s. 

C. Prismatic. 

i 

3-11.5 

3 .50 

3 - 3 ? 

Monoel. 

Loweite. 

MgS04.Ha3S04. 

2 AH 3 O. 

\\^ile,7el lo w.! 
red. ' 1 

Vitreous. 

C. Bastil. 

F. Conehoidal 

2.5-3 

2.38 

1.5 

Tetrag 

I?ir.(Ute. 

Ml^S( >4.Na.jS<)4. 

411,0. 

Colorless or 
wiiite. 

Vitreous. 

F. Uneven. 

2,5 

3 . 2 - 3 . 3 . 

1.5 

Monoel. 

LaTi}?beinite. 

2 MgS 04 .K,S 0 .a. 

Cohulc.v.s i.r 
u hite. 

1 Vitreous. 

F. Conehoidal. 

3-4 

2.81 

1.5-2 

Isometric. 

Cl.5,p.3l9 

Piero rnerite. 

MgSO4.ivaB04. 

(illuO. 

White. 

i 

Vitreou.s. 



2.1-2.2 

1.5-2 

Monool. 

Durafiskite. 

HuaS04.]SraH0a. 

HaO. 

Colorless or 
white. 

Vi tree ms. 

C. Piiiac., per. 

2-3 

3.20 

1 ? 

Monoel. 

Taliular. 


(Ka,NH4,K)aB04. 

211,0. 

Colorles.s or 
while. 

Vitreous. 

1 . 

2-2.5 


1 

Orthorh. 

Mirabilite. 

(CJlauber Salt.) 

Ha3SO4.10IIaO. 

Colorle.ss or 
white. 

Vitreous. 

. .. ! 

C. Pinac,, per.] 

1.5-2 

1.48 

1.5 

Monoel. 

Misenite, 

HKSO 4 . ^ 

Colorles.s or * 
white. 

Vitreous or 
silky. 


i 


1 

Filiroiis. 

SyiJgtmite, 

CaKu(S04)3.H30. 

i 

Colorless or 
white. 

Vitreous. 

O . prism., per. 

P. Oonchoidal. 

2.5 

2.6 

1.5-2 

Monoci. 









(Page 273.) 


II, MINERALS WPriIOUT METALLIC LUSTER. 

B.— Fusible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Pakt III.—Witli sodiiuii carbonate on cliarcoal do oiot give a metallic glol)- 
9ile^ and wlien fused alone in tlio reducing flame do not become magneiic. 

Division 1.—After intonso ignition IxO'ero tlie blowpipe, either in the forceps or on 
cluircoal, the ignited mattirial gives an alkaUiie reactmn wli(,}ti placed 
on inoisttnied tiinneric-))aper. 

Section a.—Eadly aaid concplettli/ ,soluJile in water. —(’onclnded. 

Section h,—Insoluble in 'water, or dijjlculily or only partially soluble. —In part. 
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Fart IIL—With sodium 
Division 1.—After intense ignition 


11. M1NE11AL8 WITHOUT METALLIC LUSTE’^. 

B,—.j’usible from 1—5, and Hon-volatile, or only Slowly or Partially Volatile* 
carbonate on cliarcoal do not give a metuUk globule^ and when fused alone in the reducing flame do not devofne magnetic 
before the blowpipe, either in the forceps or on charcoal, the ignited material gives an alkaline reaction when placed on moistened tiirmeriopapcr. 

Seciiori a,—Eadly and completely soluble in tmier. 


General Oliaraeters. 

Specific Cliaraeters. 

Naiuti of SpcHnes, 

Composition. 

Color. 

Luster. 

Cleavage and 
It'racture. 

Hard¬ 

ness, 

Specific 

Gravity. 

Fusi¬ 

bility. 

1 Crystalli- 
zatitrti. 

JSfiiraies. — When heated in a 
bulb tube with potassium bi- 
sulpbate, red vapors of NO a 

Gives an intense yellow flame {sodium). 

SODA NITER. 

NaNOs. 

i 

Colorless or 
white. 

Vitreous. 

0. Kho in bo¬ 
ll edral, per. 

1.5-2 

2.29 

1 

Hex. Rh. 

Gives a violet flame {potassium). 

NITER. 

ENOa. 

Colorless or 
white. 

Vitreous. 

C. Pi ism,, per. 
F. Conchoidal. 

2 

2.1-2.15 

1 

Orth orb, 
tt. ncicul. 

are given off (p. 100).* 

Gives a yellowish-green flame {barmm). Test 
oil platinum wire (p. 35). 

Nitrobarite. 

Ba(NOa)a. 

Col<»rless or 
white. 

Vitreous. 

F. II lie veil. 

2.5 


1-1.5 

Isometric. 

01.5,p.219 

JBorate,—GiYe the boracic acid 
reaction wdth turmeric-paper 
(p. 56, § 2). 

When taken up in the loop on ]>latlnum wire 
swells when first heated, ainl fuses linully to a 
clear glass. 

BORAX. 

Na,B.O,.10Hi,O. 

Colorless or 
white. 

Vitreous. 

C. Pinne., per. 
F. Conchoidal. 

2-2.5 

1.72 

1-1.5 

Monocl, 

Crive iodine vapors when heated 
in a closed tube. 

Compare the difficultly soluble iodates, .Lau-\ 
iarite and Dietzeite, iu the next section. 

% 



1 




'1 


* Nitrates of calcium and magnesium, containing water of crystallization, luive been identified. 


Section b.—InsoUiUe in water, or di^kulily or only partially soluble, 

IT.B.—The minerals in this section are chiefly salts of the alkali-earth metals, calcium, strontium and barium, with volatile acids {carbonic, sulphu?'ic, and hydrofluoric). Flame tests may be used 
advantageously in identifying the metals, and it is recommended to make the tests on platinum wire as directed on p. 35. After the mineral has been fused ou the wire, touching it to a drop of 
hydrochloric acid, and then introducing it into the flame, serves in many cases to bring out the color more decidedly. 

Silicates and other compounds which do not properly belong to t his secliou at limes give an alkaline reaction after ignition. It will generally be found, liowever, that such minerals are associated 
•with the common mineral Galcite{p. 289), and that the alkaline reataioii is due to traces of the calcite which permeate minute cracks in the crystals. If such minerals are thoroughly fused the calcite 
will be decomposed and a misleading alkaline reaction will not be obtained. 


■ 0) 
l>> y 
,4 a 

Q 

Give water in the closed 
tube. 'B. B. give an 
intense yellow flame 
{sodium). 

When treated with boiling water, calcium carbo¬ 
nate separates, and the soluble sodium carbo- 

Gay-Lussite. 

NajCOj.CaCOj. 

511,0. 

Colorless 1 

white, gray. 

VitreoiLS. 

C. Prismatic. 
F. Conchoidal. 

2-3 

1.99 

1.5 

MomocI. 

IT. cry St. 

O . 

*r§ |_r 

^ CO 
0*5 ca 

. 

Date renders the solution alkaline. Pirssoiiitc 
exhibits pyroelectricity (p. 231). 

Pir.ssoiJite. 

INaaOOs. CaOOa. 

2HaO. 

Colorless, ! 

white, gray, j 

Vitreous. 

F. Conchoidal. 

3-3.5 

2.35 

1.5 

Orthorh. 

Hemimor. 

Ammonia gives a precipitate of aliiininium h}^ 
droxide when added to the dilute HCl solution 
(p.42, §2). j 

Pawsoaite. 

Ha(Al, 20 H)C 03 . 

While. 

Vitreous, , 

silky. 

F. Longitu¬ 
dinal. 

i 

3 

2.40 

4.5-5 

Monocl. 

Bladed. 

Radiated, 

*0 ? 
“-■SS 

Gives water in the closed 
tube, but does not con¬ 
tain sodium. 

The dilute HCl solution gives a precipitate wnth 
barium chloride (p. 122), and a residue of silica 
when evaporated to dryness (p. 109). 

ThuumaHitw. 

CaCO,.CaSiO,. 

C!iS0..1.5IIa0. 

While, 

colorless. i 

Vitreous. 

F. Splintery. 

3.5 

S 1.87 

5 

Hexag. 

Column., 

fibrous. 

[OrH 

ss ja 

8 0 0 

Give no water in the 
closed tube. 

Gives a yellowish-green color to IIh? flume 
{barium). Test on platinum wure (p, 35). 

WITHERITE. 

BaCOa. 

Colorless, 
white, gray. 

Vitreous. 

F. Uneven. 

3.5 

4.3 

2,5-3 

Orthorh. 

.Twinned. 

Gives an intense yellow flame {soiHum}. ib^acts 
for chlorine (p. 67, § 1) and magnesium 
(P.91,§1). , 

Nortimpite. 

MgCOa.NaaCO,. 

NaCl. 

Colorles.s, 
white, brown. 

Vitreous. 

i 

F. Conchoidal. 

3.5-4 

2.38 

1-1.5 

1 

Isometric. 
Fig. 96. 


Division 1. —Concluded on next page. 





11. MINEEALS WITIIOITT METALLIC LUSTEE. 


B.—Eusible from 1-5, and Hon-volatile, or only Slowly or Partially 

Volatile. 

Paut in. —With sodiinn carbonate on charcoal do not give a metallic glob¬ 
ule, and when fused alone in the reducing flame do not become magnetic. 

Division 1.—After intense ignition before tbe blowpipe, either in the forceps or on 
charcoal, the ignited mate rial gives an alkaline reactioii when placed 
on moistened turmeric-paper. 


Section h.—Insoluble in water, or difficultly or only •partiaUy soluble. —Concluded. 
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If. WITHOUT METALLIC LlJS'rEIi 

B.—Eiisible from 1—6, and Non-volatile, or only Slowly or Partially Volatile. 

Part III.—With sodium carbonate on ciiarcoal do not (live a mdallic (jlohide, and when fused alone in the reducing flame do not Imome magnetic. 
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Division 1.— After intense ignition before the blowpipe, either in the forceps or on ciiarcoal, tlie ignited material gives an aihilim reaction when placed on moistened turmeric-paper. 

tyicUon Ik—I nsoluble in water, or difficultly or only partially Concluded, 


General Characters. 

Specific Charact«*rs. 

. ! 

N.’uae of Species, 

Composition. 

Color. 

Lu.ster. 

Cleavaf^e and 
Fi'aetiire. 

Hard- 

lUi.SS. 

Sp<:.H‘ifi(; Ptisi- 
(Jravity, t)iUty. 

(‘fyslalli- 
7411 ion. 

Sidp1iaUs.—¥\i^(id on platinum wire with a mixture of 
NagCOs and charcoal powder, and then trausteried to 
moistened silver, give a dark stain of silreT BUlphias 
(p. 122, 2). Those sulphates which are soluble m 

HCl give with barium chloride a precipitate of barium 
sulphais (p. 122, § 1). 

Give much water 
in the closed 
tube. The fine 
powder is readily 
soluble in boiling, 
dilute HCl. 

Ammonia gives a ])recipit^lU^ of aluminium liy-| 
droxide when added to the lUd solution. | 


(aa.()H)«(S04)». 

2Al(OH)3.24ILaO? 

Colorless or 
white. 

Vitreous. 

P. Splintery. 

0 O r: 

1.75 

3 

llexag. 

Needles. 

Gives no decided fiame colovatitm when hcateil; 
alone B. B. i 

GYPSUM. 

(.MahuKter.) 

CaS 04 . 2 IIa 0 . 

Colorless, 
white, gray. 

Vitreous. 

C. 3 directions. 
Pinac., per. 

i) 

2.32 

3-3.5 

Moiiocl. 
Base 210. 

Gives a yellow flame {sodium), Watn^viiiite. 

CaSO..NaaSO,i. 

411./). 

Mir iso. w. Ca, & K w. Na, 

White. 

Silky, 

vitreous. 



1.81 

1.5-2 

Acicuhu'. 

.Moiioci. V 
Column. 

Give a violet flame {potassium), seen best through 
blue glass. Polyhalite reacts for magiH‘siumi 
(p. 91. §1). ' 

PolyhalHe. 

3 CaS 04 .MaS 0 .,. 

KiS0..21I..(). 

Brick-ied to 
yellow. 

Vitreous to 
rtfsiiious. 

C. Pinncoidal. 
P. Splintery. 

2..7-3 

2.77 

2 

Syagenite. 

CaK,(SO.p,.]LO. 

Colorless or 
wdiite. 

Vitreous. 

C. Pii)a,c., per. 
P. Conchoid III. 

2.5 

2.00 

1.5-2 

Monocl. 

Give little or no 
water in the 
closed tube. 

Glauherite is read¬ 
ily, aud Anby- 
driio slowly, sol¬ 
uble in boiling 
dilute flCl, while 
Celestite and Ba¬ 
rite are almost in¬ 
soluble. 

Gives a yellow flame {sodium). 

Giauberife. 

OaSO..Nii.,SO.. 

Colorless, 
white, gray. 

... 

V itreous. 

C. Basal, per. 

P. Coiiclioidal 

2.5-3 

2.75 

1.5-3 

Monocl. 

U. tabul. 

1 

Gives no decided flame coloration when heated 
alone B. B. 

ANHYDRITE. 

CaSC).. 

Colorlc.ss, 
while, blue, 
gray, red. 

Vitreous, 

iiearly. 

C. 3 (lireclions 
(l)inacoi(]al) 
a.i 1)0", per. 

3-3.5 

2.95 

3-3.5 

Orthorlu 

U. mass. 

Gives a crimson flame {sti'ouiium). 

CELESTITE. 

SrS04. 

ColorU'Ss, 
'white, blue, 
red. 

Vitreous, 

pearly. 

0. Ihusal, per. A 
})rismatic. 

3-3.5 

3.97 

3.5-4 

Ortho rh. 
Page 202. 

Gives a yellowish-green flame {barium). 

BARITE. . 

(lloavy Spar.) 

BaSO.. 

Colorless, 
whit(‘, blue, 
yellow, red. 

Vitreous, 

pearly. 

C. Basal, tiz 

prismatic. 

3-3.5 

4.5 

4 

Orthorh. 
Page 201. 

Compare the magnesiura sulpliates on tnige 272, Home of which 
mav be difficultly soluble in water. 










Vlmrides. —When heated with potas¬ 
sium bisulphate iu a closed tube of 
6 mm. iulernal diametei’, the glass is 
attacked aud a deposit of silica forms 
on the walls of the tube as explained 
on p. 76, § 2. 

Give little or no 
water in the 
closed tube. 

Easily fusible. Color the flame yellow^ {sodium). 
Powdered cryolite is scaiaady visible in water 
because of its low inde.x of refraction. 

CRYOLITE. 

NanAlFn = 

ZnaF.JilFj 

Colorless, 

snow-white, 

brownish. 

Vitreous to 
greasy. 

C. Pinaooidal. 
F. Uneven. 

2.5 

2.97 

1.5 

Monocl. 

U. mass. 

Chinlitr'. 

5NaF.3AlF3. 

Snow-white. 

Vitreous. i 

P. Uneven. 

3.5-4 

2.9-3.() 

1.5 

'I'd rag. 

U. mass. 

Gives a reddish flame {calcium). Often pluKs- 
phoresces (p. 231) and decrepitates wlnm lieafinl 
in the closed tube. 

FLUORITE. 

(Fluor Spar.) 

CaF«. 

i 

Colorless, 
violet, green, 
yellow, pink. 

Vitreous. 

C. Octahedral, 
perfect. 

F. Uneven. 

4 

3.18 

3 

Isometric. 

<15, IKk 
98, 112, n.5., 

Give acid water in 
the closed tube, 
often accom¬ 

panied by etch¬ 
ing of the glass, 
and a deposit oi 
silica (p. 77, g 5). 

Compare Pro- 
sopite (p. 290). 

Generally decrepitate to a fine imwder when 
heated in a closed tube. Thomsenolitt; occurs 
in rather stout, and Pachn elite in very slemhir, 
prisms. 

Thomsenolife. 

NaCaAlFfl.H.O. 

Colorless, 
white, brown. 

Pearly, 

vitreous. 

C. Basal, per. 
F. Uneven. 

2 

2.93 

1.5 

Monocl. 
Cry St. & 
massive. 

|*aeh»olite. 

NaCaAlFfl.H.O. 

Colorless or 
white. 

Vitreous. 

F. Uneven. 

3 

2.98 

15 

Monocl, 

Prismatic 

Occurs as an earthy powder. Contains no 
sodium. 

Gearksutite. 

CaFa.Al(F,OH)3. 

ILiO. 

White. 

Dull. 


i 

2? 


1.5-2 

Pul veni- 
leut. 
Earthy. 

lodaies. —Fuse and give iodine 
vapors when heated in a closec 
tube. 

Dietzeiie is readily distinguished by its reaction 
for chromium with tiie salt of phonphorus 
bead. 

Lauiariie. 

Ca(IO,),. 

Sulpliur- 

y el low to 
colorless. 

Vitreous. 

C. Prismatic... 
P. Conchoidal. 

3.6-4 

4.r,9 

1.5 

Monocl, 

Prismatic 

Dletarite. 

7Ca(IO,)a,8GaarO,. 

Golden-yellow 

Vitreous. 

jF. Uneven. 

3-4 

3.70 

15 

Monocl. 

Titbular^ 















(Page 275.) 


IL MIT^ERALS WITHOUT METALLIC LUSTER. 

B.—Fusible from l-S, and E on-volatile, or only Slowly or Partially 

Volatile. 

PAirr III.—Witli sodium carbonate on charcoal do not give a metallic- gloh- 
uUy and when fused alone in tlie reducing flame do not become magmdic. 

Division 2. —Soluble in liydrocliloric acid, but do not yield a jelly or a residue of mlica 
upon evax)oration.—In part. 
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n, :^nNEUAL 8 without metallic LUSl’ER. 

B.—FTisiblc ironi 1—5, and Non-volatile, or only Slowly or Partially Volatile, 

Paet in —With sodium carbonate on chareoal do a of [rive a metallic glohule^ and when fused alone in the reducing* flame do nM become m.agneiic. 


Diyision 3.— Soluble in hY<irot'hloric acid, but do not yield ajeMy or a Tesidue of silica upon evaporation. 

■ e whether a mineral belongs to tliis division treat one or two ivoiy-spoonfuls of Xlie finely pubmdzed malerial in a test-tube tvith from 3 to 5 cc. of hydrocloric acid, ano inu’I 
In order to deteimine w ^ . c/utition thus obtained should be a cituri' liquid (not thick and gelatinous, indicating a silicate), or, in case any solid material 8e|)arates from the solutimr 

luJdesTtlhe tube, it should go^te/^e% into solution u pon addition of water and w arming. 


General Characters. 


Specitic Characters. 


Naim? t)f Species. 


Composition. 


! 


Color. 


Luster. 


Cleavafre and 
Lractiire. 


Hard¬ 

ness. 


S[)(‘eifie. 

(Sravity. 


h'usi- 

hility. 


CryatJilU- 
ziu i(tn. 


5 - 7 - 5 —;- H(n solution gives Wli'h barium (•inori(i« a iircripitm.-of iiarium mlphaU (p. I2‘3, §1). Tbamagnenunh mlph<iit-.up. 272) miiilit pussi 

bulphates.-^IhQ /UuM/lod jilknline reaction. A inunlHT ot the sul{)hates ot alurnmifim., ziiic, manyaiiese nud nierel n\t\x H\vt\\ and show sigi 

mb win be found. .... .ubs,..,uem page. .iovo.e;i ,o infu.iltic uunoral. _1 


possibly be referred to ibis division, In'cau.so- 
signs of fusion when first heated, but after 


ign 

a a 

xion luey viciu au 
iloutain jiuorine .—When 
heated in a bulb tube 

imparts an intense yellow color to the 

flame {sodium). i 

Na(AlF)A 804 . 

Fe & Mti isci. w. .41. 

Liglit to dark 
orange-red. 

Vitreous. 

C. Prismatic. 
F. Uneven. 

5 

4.0 

0 

Monocl. 

i i 

with potassium hisul- 
phate, the glass is etch ed 
and a deposit of silica 
forms on the walls of 
the tube (p. 76. ^ 2 ). 

Give no decided flame coloralion. 1 he ‘Mmeen-: 
trated HCl solution gives witii <blul*‘ UvS 04 a 
precipitate of calcium sulphate (p. hh, ^ :b. > 

'iUisilt'. 

Ca(MgP)AsO,. 

Gray to violet. 

Vitreous, 

greasy. 

C. Pinac., p)er. 


1 

4-5 V 

Foliati'd. 


valiito. 

Ca 4 (CaF)(As 04 )i,. 

OH is<t. w. F. 

Colorlea.s. 

Vitreous, 

greasy. 

C. Prismatic. 


3.5-3 .8 

4.5-5 

II ex a g. 

ITci O 

When lieated in R. P. ou 
charcoal ■with a little 

Gives 3 per cent of water in the closed tube 
droxyl, p. 81, 11 , &). i 

Zn(Zn.()} n A.SO 4 . 

lAde green, 
yellow, violet, 
colorless. 

Vitreous. 

C. Prismatic. 

F. Uneven. 

3.5 

4.35 

3 

On h orb. 

1 g b 

9 a B 

NuaCOa, give a coating 
of zinc oxide. 

Gives 33 i)er cent of water in the closed t u l/e { tra ter^ ^ 
of CTVStallizaiion, p. 81, §!,/>). i 


Zu 3 (AsO,)...Kn,o. 

P;ile-red, pink. 

Silky. 

Cl Pinut,-., pi v 

2.5-3 

3.1 

3 V 

Monocl. 

Fibrous. 

« a, ® 

® w Q 


-— 1 

iSyn.'ul<*lphil(‘. 

Soluble in HOI with ev^duMon of ehhirine. 1 . 

3 (Aln,Al)As 04 . 

r>Mn(OM)a. 
Mj; A (ki ist>.\v. iMn. 

Brownish- 
black to black. 

Vitreous, 

greasy. 

F. Uneven. 

d.o 

3.45-3.5 

2-3? 

Alonocl. 

& 

O o X 


Fliiikitr. 

MnAsC^.MnfOH),. 

oreenisii- 

hrowii. 

V iireous, 

gi'easy. 


4-4.5 

3.87 < 

3-3? 

Ortliorli. 


Contain manganese.—Im- 
part a reddish - violet 
color to the borax bead 
in 0 . F. 

j 

1 


(Ca,Mi-'.Mu):i 

(AsO,)s. 

8 uii)imr- to 
<>rane'e- 3 ’'eno'v. 

Resinous. 

F. Uneven. 

5 

4.08 

0 

Isomelrio. 

^ ^ o 

•S CO'S 

i 

Soluble in HCl without evolution of (‘hlorine. ;p,nuMUite. 
Berzeliite is anhydrous; the rest give water in| 

CaaMiu AsOyuj. 

311,0. 

— 

Colorh'ss or 
wliite. 

V iireous. 

F. Uneven. 


3.07 

2.5-3 

Tried i me. 

fe O ^ 
^ jSrxi 

o 

CD ^ 

kS o 

the closed tube. i ne caicium lu ner/.enuej 
and Bnindtite maybe detected l>y adding aj 
drop of dilute H.JSO 4 to the eoneeutrated IH'li 
solution (p. 59, § 3). , 

.arkhtilt*. 

Mn(Mn.OH)AsO... 

Flesh-, rose-,or 
yellowi.^h-red. 

Greasy. 

C. Ihismatic. 

F. Uneven. 

4-5 

1 ! 

4.18 

2 

Monocl 



Icm.nlilinte. 

MnatAsO., )a. 

3Arn(0H),. 






2 ? 

Orl liorh. 

I 



Allaetitc. 

MnaiAsO,)... 

4Mn(0Il),. 

Brownish-red. 

Vitreous. 

grea.sy. 

(1 One diree. 
F Unewen. 

4.5 

3.84 

2 ? 

Monocl. 

M o 

g 3-r 

Contains -Imparts 

, a blue color to the borax 
betid. 

Reacts for calcium when a drop 0 !' dilute iLaSO*! 
is added to the concentruled IlCl solution (p.'i 
59, S 3). 

UnM'liU*, 

(Cn.O«>,Mf^')3(As04)v. 

211 , 0 . 

Rose-red. 

Vitreous. 

.*... ... . i 

C. Pinaeoidal. 

3.5 

!!.5-3.6 

0 

Triclinic. 

.i: 5 - 
a 

Coiittdii uranium .—Give a green color to the salt of pho-sphorus lu’nd ^in 

'rrtigerite. 

(UOsWAsO.),. 

12 H, 0 . 

r 

Lem on-yellow. 


0. Ihnac., per. 


3.3 

2.5 

Monocl. 

U. talml. 

fo '5 — 

S CS w 

r- C3 

Li. iy. .uranospinite contains calcium, but uie test W'un iiynv^i tp. mf, 

§ 3) must be made very carefully, us the amount is small. Xiranaspinite. 

Ca(tjO;h(AsO;),7‘ 

8U..(>. 

Bright-green. 


C. Basal, per. 

2-3 

3.45 

;< bUiorh. 

U. tnbul. 

cS-S ^ 
= 



Adelite. 

Ca(Mg.OH)AsO. 

Gray. 



5 

3,70 


jMonocl. 


Contain caictmn,, imt ao not give the reactions ox me loregomg uiviHion.s.— 
The concentrated HOI solution gives a precipitate of cakium sulphate 
upon iidclition of a drop of dilute HaS 04 (p. 59, |3). 

Haklinge.rlte. 

HCaAaO.JI.O. 

White. 

Pearly, 

vitreous. 

C. Pinac., per. 

1.5-2,5 

2.85 

2.5 

Orthorh. 

r: G 

. 

l>liarmacolite. 

HCaAs 0 .. 2 H.. 0 . 

jWhite or 

1 grayish. 


C. Pinac., p>er. 
F. Uneven. 

2-2.5 

2.6-2.7 

2.5 

Monocl. 

IT. fibrous. 

'W "tf X'' 

CO s G 

Ammonia when added to the dilute HOI solution gives a crystalline jirc- 
cipitate of ammomurn magnesium anenaU. 

n<Yrnesite, 

Mg,(As0.)a.8H,0. 

1 

|Snow’-white, i 

Pearly. 

C. Pinac., per. 

1 

2.47 

2-3 V Monod 


Division 3.—Continued on next page. 











(Page 276.) 

II. MINEEALS WITHOUT METALLIC LUSTER. 

Fusible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Part III. With sodium carbonate on charcoal do not give a metallic gloh^ 
ule, and when fused alone in the reducing flame do not loeconie magnetic. 

Division 2.—Soluble in liydrocliloric acid, but do not yield a jelly or a residue of silica 
upon eVaporation.—Continu ed. 
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II MINERALS WITHOUT METALLIC LUSTER 

B.—Etisible from 5, and Non-volatile, or only Slowly or Partially Volatile. 

Paet hi _With sodium carbonate on charcoal do not give a metallic globule, and when fused alone in the reducing flame do not become magnetic. 

Division 3. —Soluble in hydrochloric acid, ])ut do not yield a jelly or a residue of silica upon evaporation.—Contiimcd. 


General Characters. 


^ 

C5 G c 

C G CD 

s § s 

.T. C *0 

S ^ 

C sc 4, cn 

2 o:^ 

' s 

^=•53 

O G 
Tsrs 
^ ^ o. 

^ o 

O-J G 

1 3 S 

■§ I'S = 

.go? J 


V drops of the 
um molybdate 
Ding the assay 
?d on next page. 

[Contain uranium, —Im¬ 
part a green color to 
the salt of ])hos- 
phorus bead in R. F. 

a? ’3 '5 

*w 5 X = 1 

Contain manganese .— 

« £2 « 

Impart a reddish - 

s 1 f g 

v’-olet color to the 

> ^ ^ 

borax bead in 0. F. 


Ferrous iron (Isoinor- 


pl oils with the inan- 

^ ^ i! 

gnoese) is present in 

cir G L 

almost all (‘.ases. Test 


with potassium ferri- 

Cs yj 

Csf rl 

cyanide as directed 

Isli 

on p. 85, 14. ^ 


When calcium is pres¬ 


ent it may be detected 

^ i) G cF 

1^.3 G 

by adding a drop of 


dilute H 2 SO 4 to the 

s r 

concentrated HCl so¬ 

^ O G 

s ? 

lution (p. 59, § 3). 


HCl solution a 
cipitate of calt 
mlphaU forms \ 


(p. 59, Pb 
W" Compare 
(p. 377), which ] 
contain a little 
ciiim. 


Specific Characters. 

Narru* of Species. 

Composition, 

Color. 

Lust{‘r, 

Cleavage and 
I'racture. 

Hard¬ 

ness. 

Fpedfic 

Gravity. 

Futi- 

biiity 

Aiitunite and Uranoeircitc react for calcium and 

Autunite, 

Ca(U02)a(P04)ti. 

SHuO. 

Lemon- to sul¬ 
phur-yellow. 

Pearly lo sub- 
adamantine. 

C. Basal, per. 

2-2.5 

3.05-8.3 

o 

barium, respectively, when their HCl .sohitions 
are treated with dilute HuSO* (i>. 59, and 

Uranodreite. 

Ba(XJOa)a{F04 )>j. 

8H..O. 

Yellowish- 

green. 

Pearly to .sub- 
adamantine. 

C.BnsnJ, per. 

2-2.5 

3 53 

3? 

p. 53 , §3). 

I'hosphuranylite. 

.. 

(UOa) 3 (P 04 ).. 6 HaO 

Deep lemon- 
yellow. 

Peai-ly. 




3-4 ? 

Gives a red flame tried best on })Iaiinum 

wire (p. 35). 

Lithiophilite. See 
triphidiie, p. 2G8. 

Li(Mn,Fe)P 04 . 

Salmon-color, 

clove-brown. 

Resinous. 

C. Ba.sal,/w. & 
piniicoidal. 

4.5-5 

8.48 

2-3.5 


Natrephilile, 

NaCMil.FejPO.. 

DeejD wiiie- 

yellow”. 

Resinous. 

C. Basal, per. 

4.5-5 

3.41 

3-3.0 

Give an intense yellow flame {sodiuni), and no 
water or only a little in the closed tube. 

Uickinsonite. 

(Mn,Fe.Ca,Na2)fl 

(POyio.itMaO. 

Olive-, oil-, or 
gra.ss-grecm. 

Vitreous, 

pearly. 

C. Basal, per. 

3.5-4 

3.34 

3.5-3 

■ 

Fillowite. 

(Mn,F(>.Ca,Nna)3 

(rcKh-iriixx 

Wax-yellow to 
brown. 

Greasy. 

C. Ba-sal. 

F. Uneven, 

4.5 

3.43 

3.5-3 

B. B. cracks open, swells and whitens, then fuses 
to a dark brown or lilack mass. 

l*'<»K|)horite. See 
<')u'ldrenit<\ p. 208. 

(Mn,BV)(AI.20H) 

PO^.HaO. 

Delicate rose- 
pink. 

Vitreous, 

re.siiiou.K, 

C. Pinacoidai, 
F. ITneven. 

5 

3.13 

4 

Fuses to an orange or reddish-yellow” globule. 


IIaiMn,Fe).(P04)4. 

4HaO. 

Pale-rose, or¬ 
ange, brown. 

Vitreous, 

greasy. 

C. Pinacoidai. 

5 

3.18 

3 

[ Contains much calcium. 

[Fuiiileldite. 

OaaMn(P04)a.3HaO 

Fe ISO M'. Mn. 

Colorless to 
green i,s}i-white 

Pearly lo sub¬ 
adamantine. 

0. Pinac., per. 

3.5 

8.15 

4-4.5 

Conttdns only traces of calcium. 

ItfilUiiigite. 

Mnj(P0,):.3H.,0. 

F(. isM. w. M[i. 

Pale-rose to 

brown. 

Vitreous to 

resinotjs. 

F. Uneven. 

3-3.5 

3.10 

3.5-3 

Anhydrous. Gives a slight veiU’tion for lluorine 
(p. 76, §2), and often also for chlorine (p. 67, 

§1). 

APATITE. 

Ca,{CaI<'')(P().,):,. 

Cl iso. \v. 1'. 

Karely !\ln iso. w. Ca. 

Green, blue, 
violet, brown, 
colorles.s. 

Vitreous, 

greasy. 

C. Basal. 

F. Uneven. 

5 

3.15 

5-5.5 

Gives a little water when vUensely heated m the 
" closed tube, and also vapors of bydrofluoiic 
^ acid which etch the glass (p, 77, § 5). 

Herderif©. 

Cn[Be( 0 H,F)]P 04 . 

AVhile to pale- 
green or 
yellow. 

Vitreou.s to 

resinous. 

F. Uneven. 

5 

3.00 

4 

u 

n Give a little water in the clos(;d tulie (not over 
f 7 per cent). That the quantity of water i.- 
^ small may be determined by comparing the 
elosed-tube test with one made upon an (*qually 
large fragment of gypsum which has 21 ttei 

Hydro-herderite, 

Ca(Be. 0 H)P 04 . 

White, pale- 
green, yellow. 

Vitreou-s to 

resinous. 

F. Uneven. 

5 

2.95 

4 

("irrulile. 

(Ca.OH),Alj(PO,),. 

'White to pale 
yellow. 

Vitreous. 

F. Uneven. 

5-(» 

3.08 

4 

Monetite. 

HOaPO^. 

Yeliowi.sb- 

wdiite. 

Vitreous. 

C. Pinacoidai. 
|F. Uneven. 

3.5 

3.75 

3 

y cent of water. 

1- 

t’nllophanite. 

Ca,(P 04 ),.H.j 0 . 

Colorles.s, 
white, yellow. 

Dull. 

F. Conchoidal. 

3-2.5 

3.70 

4.5-5 : 

Give much whaler in the closed lube* (20 per (a‘ni 
or over). Compare the quantity of waU*r witt 
that obtained from gypsum which has 21 pci 
cent. 

Isoclasite. 

i 

Cu(Ca. 6 H)P 04 . 

2HaO 

Colorless or 
white. 

Vitreous, 

pearly. 

C. Pinac., per. 

1.5 

2.93 

4? 

BrunbUe. 

HCaP0..2H..0. 

C»]or]e.HS to 
pale-yellow. 

Vitreous, 

pearly. 

C. Pinac,, per. 

3-2.5 

2.20 

3 


Division 3. —Concluded on next page. 


Crystolliw 

zation. 


;< U iliorb, 
i abular. 
|Orfhorh. 
j 'rabolar. 
Piilvera-" 
lent. 


Orthorh. 


Ortliorh. 


iMonocL 

Foliated. 


Monool. 


Orthorh. 


Monocl. 


Trielinic. 


Orliiorh. 


Hexag., 
|Pagc 189. 


Monocl. 

Monoel. 

Massive, 

Triclinic. 


'Aniorpli. 


Moiioc*]. 


Monocl. 










(Page 277.) 


IL MIE'ERALS WITHOIIT METALLIC LUSTER. 

B.—Eusible from 1-5, and Eon-volatile, or only Slowly or Partially 

Volatile. 

Part III.—With sodium carbonate on charcoal do not give a metallic glob- 
%de^ and when fused alone in tlie reducing flame do not become magnetic. 


Division 2. —Soluble iu hydrocliloric acid, but do not yield a jelly or a residue of silica 
upon evaporation.—Concluded. 
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IL MIXEIUL8 WITHOUT METALLIC LUSTER. 

B.-Fixsible from 1—5, and Koii-volatile, or only Slowly or Partially Volatile, 

Paet III. —With sodium carbonate on cliarcoal da md give a nutnllio globule, and when fused alone in tlie reducing flame do not hecArme mafffieiic. 

Division 2.-—Soluble iu hydrocliloric neiil, but do not yield a jelly oi" a vendue of silica upon evaporation.—Concluded. 


General Characters. 

Specific Cliaraet(*rK. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fu.si- 

bility. 

Ory V talli¬ 
ca (ion. 



Give.s an intense yellow llnuu.* Anhy¬ 

drous. 

IteryUonite. 

NaBePO,. 

Colorless or 
white 

Vitreous, 

pefirly. 

C. Bu.^al, per. 
F. Coneboidal. 

5.5-6 

2.84 

3-3. .5 

lOrtiiorh, 



Givps a rcacuon for fluorliu; (p. 7fl, i’ontain,»i: . 

lit 1 le or no water. agnerite. 

Mg(MgF)P04. 

Pale-yellow, 
gray or red. 

Vitreous. 

F. Uneven. 

5-5.5 

3.06 

3.5-4 

.Monocl. 

1 

j^nospnaies. —vjon ci nueu. 

Do not give tae foregoing reac¬ 
tions for uranium, manganese 
and calcium. 

A few phosphates which 
are difficultly soluble in HCl 
will be found in Division 5, 

In th(3 closed tube give water and the odor of 

NH.iMgPO 4 . 6 ILO. 

White, yellow, 
hrowni. 

Vitreous. 

F. Uneven. 

2 

1.65 

3 

|Oi tborh. 
iHeinirnor. 

Hinmonin. 

Slot t*orii<‘. 

itf ntio.sphorus.) 

H(NH4)NaP04. 

4HA). 

Wliiie, yellow, 
brown. 

Vitreous. 


2 

l.Gl 

1 

1 . 

Monocl. 

Gives a coating (fl oxide of zinc when heated with 
a little Na.jCOa on charcoal in K. F. 

lb.p‘‘ho. 

Zn3(P04)2.4Ha0. 

Grayish-white. 

Vitreous. 

C. Fina(\, per. 
F. Uneven. 

0 n; *>. 

2.75-2.8 

3-4 ? 

Grill orb. 

p. 283. 


Reacts for boron (p. 50, ^ 2 ). 

LUm'l)urgi{t*. 

Mg3(P04)..B.03. 

8 ILO. 

White. 




2.05 


Fil.n Oiis. 
Earl by. 



Ammonia, when a(ld('d to the dilute HCl stdu- 
tion, gives a crystalline precipitate of annmu 
niu7ri magnesium phosphate. 

lU'liuMriu*. 

(|{ajneft‘uillite» 
whoij containing 
t'a iso. w. Mg.) 

AIg3(lH)4),.811,0. 

Ua iso. w. Mg. 

Colorless or 
white. 


C. Pinacoidal. 

2.5 

2.43 


Monocl. 

dilute HCl 

J, (on ilio 
Hies a red¬ 
olor lo the 

Give little or no watei' 
in the closed tube. 
The remaining bo¬ 
rates contain water. 

Colors tile flame green. Keaets for cJUornie wijeii 
fused wiih NaaCOa, dissolved in dilute lINOa 
and tested with silver nitrate (p. 07, ^ H. 

.. . 

Boracite. 

i\I g 7 Cl ,B j f, 0 3 0 • 

Colorless, 
white, gray, 
green. 

Vitreous. 

F. Coiichoidal. 

7 

2.9-3.0 

3 

Isniu. Tet. 
Pnge 175. 

B. B. gives a green flame. iieatu,s iov pot asst \nn 
(p. 105, § 1, c). 

Rhodi/.itc. 

K(A10)»(B0,)3. 

Colorless or 
while. 

Vitreous. 


8 

3.41 

4.5-5 

Lsnm. Tet. 

u = o 

i p 

^ O 

Imparls a reddish-violet color to the borax bead 
in 0 . P. (manganese). 

i’inalciolite. 

Mn"Mn'"j04. 

Black. 

Sub-metallic. 

C. Pinacoidal. 

6 

3.88 

5 

()ri iiorii. 

Talailar. 

O ^ 5^ 

5 aj bfl 

Readily soluble in 

B. B. fuses with much swelling and imparts a 
yellow color to the flame {sodium). 

BORAX. 

Na!B,O,. 10 H,O. 

Colorless or 
white. 

Vitreous. 

('. Pinac., per. 
F. CoiKdioidal. 

2-2.5 

1.75 

1-1.5 

Monocl. 

ns ai ^ 

CD r -e 

water. 

Slowly volatilizes B. B., tinging the ilairn; gree:i. 
- ——-. 

Sassolife. 

(Boracic Acid.) 

B(0II)3. 

Colorless or 
white. 

Pcavly. 

C. Basal, per. 

1 

1.48 

0.5 

Tri clinic, 
U. tabular 

*tz rz s 

Imparts a reddish-violet 
color to the borax bead 
in U. F. {manganese). 

Colors the flame green. 

Sus.sexite. 

H(AIn,Mg,Zn)B 03 . 

Gray. 

Silky. 

F. Splintery. 

3 

3.12 

2.5 

Orthorb.? 

Fibrous. 

a a 

0 , Cw .z ~ 

Contain ca/c/um.—Thedi- 
lute HCl solution, after 
being made alkaline 
with ammonia, gives a 
precipitate with am¬ 
monium oxalate (p. (50. 
§ 6 ). _ N.B.—If the HCl 
solution is too concen¬ 
trated the addition of 
ammonia may cause a 
precipitate of calcium 
bora te. 

B, B. exfoliates, crumble.s and colors the fiutne 
green. 

Colcmanite. 

Cu,r.,,OM.r)ii,o. 

(loloi le.ss or 
white. 

Vitreous. 

C. Pinac., per. 
F. Uneven. 

4-4.5 

2.42 

1.5 

Alonocl. 

. a q « 
u 0 o 
<y.a 

B. B. fuses to a clear glass, and colors the ilame 
green. 

Hydrotioracite. 

CuHgB„0„.()H,0. 

White. 

Vitreous, 

silky. 

C. One direc¬ 
tion. 

2 

1 .9-2.0 

1.5? 

Fibrous, 
fol iaK'd. 

g's J 

o cj ~ ‘A 

B. B. colors the flame yellow (sodium). | 

. '* i 

Utexite. 

N!iC!il5i.O„.8H..O. 

White. 

Silky. 


1 

1.65 

. 1 

1.5 

Fibrous. 

—Turmeri 
>n of th 
e of a test- 
ro\vu colo 
ipe flame. 

B. B. colors the flame reddisli-yeibnv (?). | 

Bechilite. 

CaB.O,.411,0. 






1 5? 

Massive. 

[Contain magnesium. — 
Thedilute HCl solution, 
when made strongly 
alkalinewith ammonia, 
gives a precipitate with 
sodium phosphate (p. 
91, §1). 

B. B. cracks open, glows and fuses to jVYuiieJ 
horn-like, brownish-gray mass. 

S/,uibelyite, 

. 

Mg,B.O,..1111,0. 

White to 
y(*llow. 



3-4 

3.0 


Nod ular. 
Aciciilar. 

•S q 

^ « *£2 _S 

B. B. fuses quietly at 3. e.oloring tiie flame 
green. 

rionoiie. 

MgB,04.:{H,0. 

Suiphur- or 
straw-yellow. 

Vitreous. 


3-4 

3.3 

3 

Tel rag. 
c]. en. p.219. 

S a O’^rQ 

Qq 

B. B. fuses very easily and colons the flame 
green. j 

IleiritKite. 

KMg,BnO,..TII, 0 . 

Colorless or 
white. 

Vitreous. 

C. Pinac. 
basal, per. 

4-5 

3.13 

1 

Monocl. 

Molybdates. —Give the reduction 

The dilute HCl solution, made alkaline with 
ammonia, gives a precipitate either with mu- 
monium oxalate (p, 60, ^ 6 , Powellite) or with 
sodium phosphate (p. 91, § 1 , Bdonesite). 

FinveJlite. 

CaMoO,. 

VV iso. w. Mo. 

Colorless, 
green, ytdlow. 

Resinous. 

F. Uneven. 

3.5 

4.52 

4 

Tet rag. 

01. A), p.219 



Belonesite. 

MgMo04, 

Colorless, 

■wdiite. 

1 




4-5 

Tet rag. 

—vjfive ine oaor ot sul¬ 
phurous anhydride, SOa, when 
roasted in the open tube. 

Sphalerite ZnS,wliich becomes rounded II. B. owing to the volatilization of the zinc, but does not fuse, is classed on 
Alabandite MnS, and Hauerite MnSa, are elassct! on p. 258. 

p. 292. The dark-colored manganese sulphides 













IL MINERALS WITHOUT METALLIC LUSTER. 


B.~Eusible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Part III.—AYitli sodium carbonate on cliarcoal do not give a metallic glol- 
ule^ and when fused alone in the reducing flame do oiot become magnetic. 


Division 3.—Soluble in liydrochloric acid, and yield gelatinous silica upon evaporation. 
Section a.—In the closed tube give water. 
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IL MINERALS WITHOUT METALLIC LUSTEIL 378 

B«—-Fusiblo from 1—5, and Non-volatile, or only Slowly or Partially Volatile. 

Paet Ill.—Witli sodium carbonate on eliarcoal do noi (jive a metallic glohile, and when fused alone in the reducing flame do not become magnetic. 

Division a.— Soluble in hjtirochloric add, and yield gelatinous silica upon evaporation. 

In order to determine that a mineral belongs to this division treat one or two ivory-spoonfuls of powdered material in a test-tube with from 3-5 c*c. of hydrochloric acid, and boil until not 

over 1 c c. remains. The mineral should go-wholly into solution, unless dillhuilily .soluble, and when the volume becomes small the contents of the tube should ihicken, owing to the separation of 
gelatinous silicic acid (p. 108, § 1). The silicic acid thus scparateii will not go into .solution when treated with additional water or acid. 

Section a. — In the closed tube giec water, —Silicates containing water of crysiallication or the hydroxyl radical. 


General Characters. 

Specific Characters. 

Name of Species. 

Ctornposition. 

Color. 

Luster. 

Ch'iivage and 
l^’racture. 

Hard¬ 

ness. 

' Specific 
Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

B. B. fuses to a clear glass, coloring the flame green. Gives n littli! water in tlie 
closed tube. . _ 

DATOLITE. 

Kdiii|u:fonite. 

Ca(B.OH)Si 04 . 

Colorless, pale- 
green, yellow. 

1 Vitreous. 

F. Uneven. 

5-5.5 

3.9-3.0 

2-2.5 

M^onocl. 

U. cry.st. 

The dilute HCl solution gives'with tLSO^ a precipitate of barium sulphate. 

BaAl(A1.20H) 

{S\0,h.2mO. 

Colorles.s, 
white, pink. 

Vitreous. 

Ch Prism., per. 
F. Uneven. 

4-4.5 

2.77 

2.5 

Orthorh. 
ci.er, p. am. 

Imparls a reddish-violet color to the borax bead in <). h. (tNaaga/iese). Has a 
decidedlv structure. ... 

Uanophjllite, 

M U7(AK))‘j(Si03)H. 

Brown. 

i Vitreous. 

1 

C. Basal, 

4-4.5 

2.84 

8 

Moiiocl. 

Foliated, 

Gives a coating of oxide of zinc 
when fused on charcoal with 
a little NaaCOg. 

B. B. whitens and fuses with difliciilty. 

CALAMINE. 

(Zii.on),sio,. 

White, pale- 
green, or blue. 

Vitreous. 

C. Prism., 

F. Uneven. 

4.5-5 

3.45 

5 

Orthorh. 
Page 207. 

B. B. fuses to a yellow globult;. 

t'linoheUrite. 

HaCaZiiSiOt. 

Amethystine 
to wliite. 

Vitreoms. 

C. i^nac., per. 
F. Uneven. 

5-6 

8.33 

■ 

4 

Monocl. 

Cl.30,)>.am. 

Contain the carbonate radical.— 
A fragment dissolves with 
effervescence in warm dilute 
HCl. 

B. B. swells, tnuii.s and lu.si‘s to a vc.siciilar 
globule. In tlie clo.sed tulm whitens and gives 
water. 

Cancrinite. 

H6(l*'ra2,(ta)4 

(Al.NaCODuAh 

(Si04)o. 

Yellow, |)ink, 
gray, w’hite. 

Vitreous, 

grea.sy. 

C. Prismatic. 

F. Uneven. 

5-6 

3.4-3.6 

2.5-8 

Hexag. 

U. nms.s. 

Gives the reactions of the rare-earth im-tals (p. (>5). 

(Noiosilc. 
t K.iiiiosito.) 

Un(.'erl.iiiii. 

Si.Y.Ca.O.COa.HjO 

Yellowisli- 

brown. 

Greasy. 

C. Pinacoidal. 

5-5.5 

3.41 

5? 

Ortliorli. 

Contain little or no calcium .— 
After separation of the silica 
and alumina (p. 110, § 4), am¬ 
monium oxalate produces little 
or no precipitate in the am- 
moniacal filtrate (p. (50, § 0). 

Fuses quietly to a clear, tran.sparent glass. 

NATROLITE. 

NllsAl(A10)(SiOr,)n. 

2H.,0. 

C’olorle.s.s or 

wliite. 

Vitreous. 

C. Prism., 

F. Uneven. 

5-5.5 

3.25 

2.5 

Ortliorii. 

Prismatic 

Fuses easily to a white enamel. 

UyUroiirphelite. 

HNa«Al3(SiO.,):i. 

3il,0. 

White to dark- 

Vitreous. 


4.5-6 

3.8-2.5 

2-8 

Hexag. 

Fuses to a glassy enamel. (Hves a reae.Ui>n tnr 
magnesium (p. 91, ^1). 

Spadaiie. 

lIaMgf.(SiOn)fi. 

Flesh-red. | 

Pearly, 

greasy. 

F. Splintery. 

2.5 


4? 

Massive. 

Contain aluminium and calcium. 
—In the HCl solution, after 
separation of the silica (p. 108, 
§1), ammonia produces a pre¬ 
cipitate of aluminium hy¬ 
droxide (p. 42, §2), and in the 
filtrate ammonium oxalate pro¬ 
duces a precipitate of calcium 
oxalate (p. 60, § 6). 
glW” Compare Allanite (p. 280) 
which may contain water if 
impure. ^ 

Fuses to a voluininou.s, froUiy slug. Hxldbiis 
pyroelectricity (p. 231). 

Scolecite. 

CiiAHA1.2()H) 

(SiO:.)a.3H.,0. 

Colories.s or 1 
white. 

Vitreous. 

C. Prismatic. 

5-5.5 

3.16-2.4 

2.5 

Monocl. 

Pi-isinatic. 

Fuse with intumescence to w'hiic vesicular 
globules. Do not exhibit pyrocletUricity. 
Mesolite contains both the natrolitc and scohantt’ 
molecules. 

i 

Mesolite. 

Appro.\:. NbaijCJai: A1,; 
_ SicOso.yiLO 

While, grny.i 
yellow. 

Vitreous, 

silky. 

C. Prism,, 2 )er. 

5 

o 0__0 A 

2-2.5 

Monocl. 
(hilunm. 

Thornsonite. 

(('oMipronite.) 

(Ca, S aii) Al a( Bi 04 ) 2 . 

21ILO. 

'Colorless, 
W'hite, gray. 

Vitreous, 

pearly. 

C. Pinac., per. 
F. Uneven. 

5-5.5 

2.3-2.4 

2-2.5 

Orthorh. 

Levy nit e. 

OuAl(A1.201J) 

White, gray, 
red. 

Vitreous. 

P. Uneven. 

4-4.5 

2.0-2.16 

3-2.5 

Hex. Rh. 

Usually found in simple prismatic <’rystnls with 
oblique terminations. 

iLaumontite. 

Ch('aI.201Ii. 

(Si..Or.),.211.,(). 

White, gray, j 

Vitreous, 

pearly, 

C. Pinacoidal & 
prismat itt, per. 

3.5-4 

2.25- 

2.35 

2.5 

Monocl. 

Pri.smatic 

Occurs in complex, twin crystals, resembling 
tetragonal pyramid.s. 

(iistuoJulite. 

(Ca.Ka)Al2(SiOa),,. 

411.,0?j 

Colorless or 

white. 

Vitreous, 

F. Uneven. 

4.5 

2.26 

8 

Monot-d. 

Twinned, 

Contain Uitle or no aluminium ,— 
After dissolving in HCl and 
separating the'“silica (p, 108, 
§ 1) the solution gives no, or 
only a slight, precipitate with 
ammonia. 

Gives a poor jelly with itOl. li, B. fuses to a 
clear glass. 

Poctolite. 

HN!iCa,(SiO,)a. 

Colorless, 
white, gray. 
\Vhit(h cream, 
liluish-white. 

Vitreous, | 

pearly, i 

0. Pinac., per. 
F. Bplintery. 

5 

3.7-3.8 

2.5-3 

Monocl. 
FiL^ 3,()l. 
Fibrous. 
Gonqmct. 

Radiated. 

Fusible to a blebby glass. 

Oketiiie. 


I 

Dull, pearly. ; 

F. Splintery. 

4.5™5 

2.28 

2.5 

(iyroliie. 

H,Cn,(SiO,),.H,0. j 

White. 

Vitreous, | 

pearly.^ 


3-4 

1 3 
















11. MINERALS WITHOUT METALLIC LUSTER. 


B.—Fusible from 1~5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Pakt hi.—W ith sodium carbonate on charcoal do not give a metallic gloh' 
ule, and when fused alone in the reducing flame do not hecome magnetic. 

Division 3.—Solulile in liydrocliloric acid, and yield gelaivnoiis silica uiion evdpoi'ation. 

Section h.—In the closed iuhe give little or no water ,—In part. 
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B. Eusiblo from 1 5, and Non-volatile, or only Slowly or Partially VolatilOo 


Part III.—With sodinm carbonate on cliurcoal do not (nve a Metallicglohile, and when fused alone in tlie reducing flame do not decome magnetic. 

Divibion 3.—Soluble in bydrochloric add, yield gelatinous silica upon evaporation. 

Section h. In the ckhsed tube (jive little or no water.—Anhydrous silicates^ or those containing only a little hydro.xyL 


General Characters. 

Spedflc Charactrs. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavap:e and 
I'l-aeture. 

Hard¬ 

ness. 

Specific 

Gravity, 

Fusi¬ 

bility. 

Crystal li- 
zatinn. 

Contain the sulphide radical,— 
Dissolve in HCl with slight 

Imparts to the borax bead in O. F. a reddish- 
violet color [manganese). 13^/*’ Compare Dana- 
lite, pp. 269 and 294 

lldvite. 

R6(lLS)(SiOA3. 

R = Be, Mil &, Fe, 

Yellow, 
brown, green, 
red. 

A'itreous, 

resinous. 

F. Uneven. 

C-6..'5 

3.2-3.85 

4-4.5 

Isom, Tet. 

evolution of hydrogen sulphide, 
which may be detected by its 
disagreeable odor. 

B. B. gives an intense yellow tlanie {sodtam). 
Reacts for a sulphate (p. 122. ^ I). 

Lazurife. 

(Lapis-Lazuli.) 

(Naa.Ca),(Al.NaS3) 
Al2(Si0.i)a. 
(.M.NaSO^) is<.. w. 

(Al.NaSa). 

Deep azure- 
blue, green¬ 
ish-blue. 

Vitreous. 

F. Uneven. 

5-5.5 

2.4-2.45 

3.5 

rsometric. 
U. mass. 

Contain chlorine .—Tbe HNOa 
solution gives with silver 
nitrate a precipitate of siher 
chlofide. 

B. B. color tbe blowpipe flame 
intensely yellow [sodium). 

Fuses to an opaque, greenish bead. The 1101 
solution gives with turmeric-paper the zir- 
couium reaction (p. 133), 

Eudialyfe. 

(Kucolite.) 

Uncertain. 

Si,Zr.Na,Ca,Fe", 

Ce,Mn.Cl,(Oin. 

Rose- to 
brow'iiish- 
red, brown. 

Vitreous. 

C. .Basjil, per. 
F. [Splintery. 

5-5.5 

2.9-8.0 

3 

Hex. Rh. 

The dilute HCl solution gives a i)rccipitnte witli 
barium chloride [sulphate, p. 122, 1). 

Microsommito. 

Uncertain. 

Si,Al,Ca,Na,K.O,ai, 

(S 04 ),(C 03 ). 

Colorless, 

white. 

Vitreous. 

0. Prism., per. 
F. Uneven. 

G 

3.45-3.5 

3.5 

Hexag. 

Prismatic. 

Does not give the foregoing reaction tor a sul¬ 
phate. Fuses to a colorless glass. 

Socialite. 

NaUAlCl) 

Al.(Si04)n. 

White, gray, 
blue, green. 

Vitreous, 

greasy. 

V. Dodecahed. 
F. ('onelioidal. 

5.5-0 

2.15-2.3 

3.5-4 

Isometric. 

Contain the sulphate radical .— 
The dilute HGl solution gives 
a precipitate with barium chlo¬ 
ride (p. 123, §1). 

iHailynite is distinguished from Noselite by con¬ 
taining considerable calciuim Test as directed 

llaUyiiit(‘. 

(Hauym\) 

(Ca.Nu«), 

(Al.NaS 04 )Al, 

fSi04)r.. 

1 

Blue, green, 
yellow, wiiile 

Vitreous. 

C. Dodecahed. 
F. Uneven. 

5.5-0 

2.4-2.5 

4-4.5 

Isometric. 

on p. jlO, § 4. 

(Nftscan.) 

Na,(Al.xNaSO,)Al. 

(Si0.i)3. 

Gray, green, 
blue, brown. 

Vitreous, 

P. UiKJven. 

5.5 

2.25-2 4 

;,{.5-4 

Isometric. 

Contain boron .—the boron 

Swells, and fuses willi difliculty to a white 
enamel. 

(’a{»p(*leriite. 

BaY()B,;Si:iOaf.. 

Greenish- 

brown. 

Vitreous, 

grea.sy. 

F. Conchoidal, 

G-G.5 

1 

4.41 

4-5 

Hexag. 

rcauiioii wiixi iuixxicilo^piipci 

(p. 56, § 3). 

Inturaesces and fuses to a black glass. 

Iloinilire. 

(Ca.FYMalBOl.i 

(SiO.Pii. 

Brownish- 
black to black. 

Ke.sinouH, 

vitreous. 

F. Uneven. 

5 

3.38 

0 

Monoel. 

Contain Impart tc 

the borax bead in 0. P. n 
reddish-violet color. 

The fine powder when fused on charcoal with 
^ a little NauCOa gives a coating of oride of zinc. 

TROOSTITE. See 

irilUnnitf, p. ey4. 

(Zu,Mu)aSi04. 

Apfile-green, 
flesh-red, 
brown. 

Vitreous. 

C. Btisal & 
prismatic. 

P. Uneven. 

5.5 

4.18 

4.5-5 

Hex. Rh. 
Page 190. 

Contains little or no zinc. 

Tephroite. 

MnaSi04. 

MS', Fe, Ca, & Zn iso. 
\v. Mn. 

Smoky-gray, 
brownish-red 

Vitreous, 

greasy. 

C. Pinaeoidal. 
P. Uneven. 

1 

5.5-0 

4-4.12 

8-3.5 j 

Orthorh. 

U. mass. 


Divibion 3, Section h .—Concluded on next page 












(Page 280.) 

II. MINERALS WITIIOIJT METALLIC LUSTER. 

B.—Fusible from 1-6, and Non-volatile, or only Slowly or Partially 

Volatile. 

Part III.—With sodium carboiiate on charcoal do not give a metallic gloh 
ulSf and when fused alono in the reducing flame do not become magnetic* 


Division 3.—Soluble in liydrocliloric acid, and yield gelatinouft silica upon evaporation, 
Bectio'ii b.—In the closed tube give little or no zvater .—Concluded 
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B.—Fusible Irom l-S, and Non-volatile, or only Slowly or Partially Volatile. 

Part III. _With sodium carbonate on charcoal do not (f ire a 77ietallic gloMUi and when fused alone in the reducing flame do not become magnetic. 

Division 3.—SolubU? in hydrochloric acid, and yield (jdaiinoufi dlica upon evaporation. 


Section h.—In the closed tube gim Utile or no water. —Oorududed. 


General Characters. 

Specific Characters. 1 

Name of Species. 

Coniposit'(ill. {'olur. Luster. 

Cleavage and 
!'’raet ure. 

Hard- 

nes.s. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation, 

Contain iiianium.---^'ThG HCl so¬ 
lution when boiled with tin 
assumes a violet color. 

Fuses quietly. 1®"* Compare A7idra(iife (p. 209). 

Sehoiioinite. 


F. Uneven. 

7--7.5 

;i.88 

4 

Isometric. 

Fuse with intumescence. After sepuratieui of 
the silica, the reactions for the rarc-cnrth metals 
may be obtained (p. 65). 

rscheffkinite. 

Uncertain. 

Bi.Ti.Tlj.Ce, Fc. Volvet-black. Vitreous. 

Ca.O.^ I 

F. Uneven. 

5-5.5 

4.55 

4 

Massive. 

Rink it e. 

o 

O 

Y<*l!owish- .... 

brown, straw-i ^oous. 
yellow. i 

C. Iflnneoidal. 

5 

:i.40 


Monocl. 

Contains /ac&ww.—The MUl so¬ 
lution when boiled wdtli tin 
assumes a blue color (p. 99, 
SI). 

The HCl solution imparts an orange color to 
turmeric-pai)er {zirconium, p. 13;)}. 

W’oiilerite. ^ 

U^icertain. iLigdit yeilow ;Vitreous, 

Si,Zr,Nb.<'a.Na.O. i i<» brown. | r(‘sinoiis. 

^ i 

C. Uintieoidul. 
F. Uonchoidul. 

5.5-(; 

3.44 

3-3.5 

Monocl. 

Contains zirconium. —Gives the 
zirconium reaction with tur¬ 
meric-paper (p. 133). 

Fuses to a yellowish-white enamel. 

Compare Eudialyte (p. 279). 

!! i< 

(Nus,Ca)tBi,Zn( 

Struw-M 11. w, 

voiluui.sh. AltU'OUS, 

• bnnvn.i 

iUreenisii- to N--. 
linuvnisli- 

Ctdorless, 

..'..idish, ! S'''’""-'-- 

F. ITneven. 

5.5-6 

3.26 

3? 

'fri clinic. 

Contains the rare-earth metal 
yttrium (p. 65). 

B. B. sw'ells, cracks apart, and often glows. 

Gadolinite. 

PeBc,Y,ei,0,o. 

h\ Uonclioidal, 
splintery. 

G.5~7 

4.2-4.5 

5 

Monocl. 

Contain aluminium and in some 
casjs also ealciumt but do not 
give the reactions of the fore¬ 
going divisions.—In the HOI 
solution, after separation of the 
silica (p. 108, §1), ammonia 
produces a precipitate of alu¬ 
minium hydroxide (p. 42, ^2) 
"When calcium is present it 
may be precipitated in the fil¬ 
trate from the aluminium b^; 
means of ammonium oxalate 
(p. 60, §6). 

Very easily soluble in HCl. B. B. gives a strong 
yellow flame {sodium). 

NEPHELITE. 
tNo}»lu‘line, Eheo- 
iito.J 

(Nns.Ka.Ca'u 

AUSiu<)-4. 
.\p}»rox. N*aAiSj< q 

('. Ibismntie. 

F. Uneven. 

5.5-() 

3.55- 

3.65 

4 

Hexag. 
Class 11, 
Ptige 219. 

Bather difiicultly solulde in HCl, Gives little 
color to the blowpipe flame. 

Compare The Feldspars (p. 285). 

ANORTHITE. 

(Lime Feldspar.) 

CtiA-bf SiOi)*.;. 

(\dorless. 

wl.i!,.. .ruy, 

C. Ibistii, per. A 
piiiacoidal. 

F. Uneven. 

6-(15 

2.75 

4.5 

Trielinic. 

'Fuses to a white enamel. 

iSarcolite. 

(C».x<i)»Al,{SiO.).. 

Flesh In in.M*. ... 

n.,i, whit... ' 

F. Conchoidal. 

6 

2.5-2.9 

2.5-3? 

Tetrag. 

Cl. :;’{),p. 219, 

Fuses with slight intumescence to a greeni.sh or 
yellowish glass. 

Meliliie. 

Uiieertnin. 

Si,Al,Fe,Cji,Mg, 

Kn.O. 

ibtam. yelbwv,' Vitreous, 
brnwu. white.! resinous. 

.. 1. 

C. Bnsjil. 

F. Uneven. 

5 

2.9-;bl 

4 

Tetrag. 

^ Fuses with intumescence to a dark .slag. Gives 
' reactions for the rare-eartli metals (p. 05). 

Atlanife. 

m(U"boii) 

li"k.uSi04h, 
R'" ^Cn A Fe. 
R^"^AI,Fe,Ce,La.AIti. 

Ilrowti U) Kesinotis, 

pjteh«!.»!{u.’k, \ vitreous. 

1 

F. Uneven to 
eonchoidjil. 

5.5-6 

;i5-4,2 

2.5 

MonocU ) 
IT. mass 

Fuses with difficulty to a grayish mass. 

Gehleiute. 

(CXilKsFeis 

Al^SigO jii, 

<*rnyi>h-green ,Vitreous, 
ti> brown. . resinous. 

Ot..dorle8s, to 1 

pjtle yellow Vitl't^ytis. 

or green. i 

F. Uneven. 

5.5-6 

2.9-;].0 

4.5-5 

Tetrag. 

Gives a reaction for magnesiun 
after the separation of silicf 
and calcium (p. 91, g 1, &). 

i 

i Difficultly fusible. 

MonticelHte, 

CaMgSiO.. 

Fe iso. w. Mb. 

C. Pinaeoidal. 
F. Uneven. 

5-5.5 

1 3.1 

5 

Orthorh. 
















(Page 281.) 

IL ]\I1IS[ERALS WriMIOlPr MEl^ALLIO LUSTER. 

B.—Pusiblo from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

pAirr I II.—With sod iinn carbonate on cliarcoal do not give a metallic glob 
‘ule^ and when fused alone in the reducing iiaine do not hecome magnetic. 

Oivisiox 4—])<i<‘oinp(>s<Ml ]>v li vdrocliloric a<rid with, tho separaiioii of silica ^ bat without 

tlie formation of a jelly. 


iSeciiott a.—In the closed tube ghe tmier .—In part. 
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II. MINERALS WITHOUT METALLIC LUSTER. 

B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile. 

Pabt hi.—W ith sodium carbonate on charcoal do not give a nietallic globule, and when fused alone in the reducing flame do not become magnetic. 

Division 4.— Decomposed bj hytirochloric acid with ih^ separation of silica, but without the formation of a jelly. 

In order to determine that a mineral belongs in this division treat one or two ivory.gpooiifuls of xh^fmely powdered material in a test-tube with from 3 to 5 cc. of hydrochloric acid, and boil iiiiti 
less than 1 cc. of acid remains. The behavior during this treatment should be carefully observed. When the powder is first shaken up with the cold acid the liquid will generally appear milky, owiiij 

to the fine, suspended material; when boiled, however, the liquid becomes translucent, although the separated silica prevents it from becoming perfectly clear. After a little experience one can usual!; 

decide from appearances whether the insoluble material is separated silica or the undecomposed mineral; in order to decide definitely, however, proceed as follows : Add a drop of nitric acid in orde 
to oxidize any iron that may be present, dilute with 5 cc. of water, boil, and filter, when, if decomposition has taken place, the bases will be in the filtrate. Ammonia, added in excess to the solution 
will precipitate aluminium and iron which may be filtered oil. In the strongly ammoniacal filtrate ammonium carbonate and sodium phosphate will precipitate calcium and magnesium, respectively 
while if other bases are present (sodium, potassium and lithium excepted) one or the other of the reagents previously mentioned will be very sure to produce a precipitate. For more complete details 
for testing for the bases see p. 110, § 4. There are some minerals which are slowly attacked by acids and give, conseciueutly, slight precipitates of the bases when tests are made with ammonia, ammoniun 
carbonate'^and sodium phospate; the minerals in this division, however, are readily decomposed by acids. 

Section a,—In the closed tube gwe water. —Silicates containing water of crystallization, or the hydroxyl radical. 


General Characters. 

Specific Characters. 

Name of Species. 

Ooniposition. 

Color. 

Lnater. 

Cleavage and 
l''ractiire. 

Plard- 

nesa. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

Structure micaceous. Exfoliates prodigiously when heated B. B. Under the name 
Vermiculiie a number of silicates of aluminium and magnesimn are included 
which have resulted generally from the decomposition or alteration of dilTerent 
kinds of mica. Their composition cannot be expressed by simjde formulas. 
See The Micas (p. 284). 

Vermiculiie. 

(Jefferisite.) 

Uncert}iin. 

Si,Al,Mg,().(H.aO). 

Fe iso. \v. Al A" .Mk> 

Yellow, 

brown, light, 
to dark green. 

Penrlv. 

C. Basal, per. 

1-1.5 

2.2-2.3 

4-4.5 

Monocl. ? 
Mica¬ 
ceous, 
foliated. 

Fuses quietly to a white enamel. The HCl solution colors turmeric-paper orange- 
yellow {zirconium, p. 133). 

Catni>leiite. 

H4(Na<j, t\H)Zr.SiriOi i 

V ellt ov .tirnwn, 
gr.ny. violei. 

X’ilreinis. 

prism., per. 
F. (^nichoidal. 

(> 

6.28 

2.5 iHextig. 

Fuses with slight intumescence to a brown glass. The water in the closed tube 
gives an acid reaction with test-paper {fluorine). Gives reactions for the rare- 
earth metals (p. 65). 

Mosaiidrite. 

H1 aiN Ji-j Oil HI Ct‘a 
[(Ti.Zr)(OH,P),], 
(SiO.).a. 

Reddish- to 
greenish- 
brow n. 

Greasy, 

resinous. 

C. One direc¬ 
tion. 

4 

2.9-3.0 

2.5-3 

Monocl. ? 

Difficultly fusible. The ^HCl 
solution, if .sufficiently dilute, 
gives no or only a slight pre¬ 
cipitate with ammonia and am¬ 
monium carbonate, but gives 
an abundant precipitate with 
sodium phosphate {magnesium, 
p. 91, §1, b). 

Compact, with fine earthy texture. 

Sepiolite. 

( Mt‘(*rschaum.) 

H4Mg.jSi30,o. i 

Wiiite t(i 
gr.uyish - white, 
Y ellow, brown, 
apple-green 1 

Dull. 

IIneveM. 

2-2.5 

2 0 

5 

Compact, 

lEartliy. 

Somewhat resembles a gum. 

Deweyiite. 

(Qynniite.) 

IRMg,,! Si )».4 n, 
Ni iso', w. ! 

Resiimns. 

F. Uneven, 
('onehoidnl. 

3-4 

2.40 

4-5 

Amorph. 

Commonly in compact, greenish masses. Somts 
times fibrous (Chrysotile, Fig. 360, p. 221) or 
foliated (Marmolite) 

SERPENTINE. 
(CUiryHotlle, Ser¬ 
pentine - asbestua, 
M armulite.) 

Hi(Mg,F«‘)sSi 30 «. 

( dive- n 1 Idaek 
isli-green, ytl- 
! lowish-green, 
whde.' 

Greasy, 

wax-like. 

F, Uneven, 
splintery. 

2. .'>-,'5 

U. 4 

2,5-2.65 

5-5.5 

Ma.ssi ve, 
Pseudo- 
mor pilous 
(p. 220). 

Contain manganese. —Impart to 
the borax bead in 0. F. a red¬ 
dish-violet color. 

Gives a reaction for chlorine when icsteti as 
directed on p. 68, § 3. 

Kriedelile. 

lU(Muai)Miu 1 

(HiOUi.i 

Rose-red. 

Vitreous. 

C. Basal, per. 

4-5 

3.07 

4 

Hexag. 

Fuses quietly to a black glass. 

Penieutite. 

HaMnSK)4? 

Fe. Mir, & Zii iso.w. Mn 

I^ale grayish- 
yellow" 

Pearly. 

C. Ihisnl, per. 

2.5-3 

2.98 

3.5 

Foliated. 

Splits apart and often crumbles when first 
heated B. B, 

InCKiUi. 

2HaO. 

!Ho>e- lu liesh- 
red. 

Vitreous, 

(’. Pin no., per. 
BY Uneven. 

6 

3.03 

3 

Tri clinic. 


Division 4. Section ^.—Concluded on next page. 










(Puge 283.) 


II. MINEPALS Wri’ITOITT MEl^ALLIC LUSTER. 

B.—Piisiblo from 1-5, and ISTon-volatilo, or only Slowly or Partially 

Volatile. 

pAirr 111.—With sod in in carbonate on clnircoal do not (jive a nietallic r/lob- 
‘ide, ami when fused alone in the laMiiicing llanie do not become magnetic. 

Division 4. — Dt‘C(»iii|)().s('<l l»y hydrochloric acid, loith the separ alio ti of silica ^ but without 
the rormntion ol' a jtdly. 

Section, h.—In the closed tuhe gice little or no water. 

Division o. —Insoluble in, hydrochloric acid, or oidy slightly acted upon.—In part. 
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IL MINERALS WITHOUT ME1^\LLIC; Ll’Sl’KH. 

B.—Fusible from 1—6, and Non-volatile^ or only Slowly or Partially Volatile. 

Part III.—With sodium carbonate on charcoal do not give a metallic gUhiUh wlieii fusiHl ahnu* in the reiiuoinn; fliirtie do not become magnetic. 
Division 4.—Decomposed by hydrochloric acid, with iUBqmmtieai af mllm, hiit witlunit ilu* ft^rnuitioii of a Jeliy. 

Section b,—In the closed tube gtDe little orno wiikT.'-* Aukydrom nlititiei. 


General Characters. 

Specific Characters?;, 

Name <»f Species. 

! ; 

Ceinpositifai. ! | Luster. C.-leavaii'e and 

* 1 : 1' met ure. 

' Hard- 

11 CHS. 

Specific 

Gravity, 

Fusi- 

bilit}'. 

Crystalli¬ 

zation. 

Insoluble in HOI, and yet sufficiently decomposed to give a violet color (tita;i,ium) 
when the partial solution is boiled with tin (p. 127. S3). 

TITANITE. 

(Sphene,) 

fVriSiO Cray, bmwn, !{eMinou.s, (5 Ihismatic. 

'^*^**^* ‘ ! green, yellow. aiiamaiitine. F. rneven. 

5-5.5 

y.d-aon 

4 

Monocl. 
Page 213. 

With borax in 0. P. gives a 
red dish-violet bead (Mn). 

Fuses with difficulty to a black slag. Crystals 
are apparently hexagonal. 

Trimerite. 

ti »» Sahmm-pink C. Basal. 

Be( Mtt,Ca,F<'|SU>i. : , . * . \ strrutis. ^ 

^ ^ etneiie.ss, F_ 1 neven. 

()-T 

3.47 

4-5? 

Triclinic. 

Fuses quietly to a white, almost 
glassy globule. Rather easily 
decomposed by HCl. 

After decomposition with HCl and separation of 
the silica, ammonia produces little or no pre¬ 
cipitate. To detect calcium, see p. 50, 

WOLLASTONITE. 

While, gray, VitrtMuis. C. VliMW.,, per. 

® colorless. pcjirly. F. rneven. ; 

5-5.5 

2.8-2.9 

4 

Mouocl. 

Fuses quietly to a glassy globule. 
Slowly acted upon by HCl. 
See The Feldspars (p. 285). 

Usually shows striations on the best cleavage 
surface. Often exhibits a brilliant play of 
colors. 

LABRADORITE. 
(Lime-soda Feld¬ 
spar.) 

(!)CaAl.,Hi-;0,. Whil.-, ur.-iv, 1'. IhiMil.pcr. Ai 

NuAlSUO,. lunw,,.',-,;.,..,. Iguoouhil , 

' ’ r. 1 iievtui. 1 

5-G 

2.73 

4-4.5 

Tnclinic. 
IT. mass. 

Fuse with iu tumescence to a 
vesicular glass. Wernerite is 
slowly acted upon by HCl. 

Wernerite gives during fusion a strong yellow^ 
flame {sodium chloride)', Meionite contain.H no, 
or only a very little, chlorine. Test us directed 
on p. 57, § 1. 

WERNERITE. 

j (Scapolite.) 

TCaiAlflBieitsft . Wldie. gr;i>. C. Frisrmitic, 

*j NiuAlaBiwOs*!'!. 1 lighLgrcfui. ; ‘ p (‘uevon. 

5-0 

2.(58 

3 

1 

Teirag. 
Page 183. 

Meionite. 

r. t, ('olMtle.Ns to ('. I‘rismati(;. 1 

5.5-C. |2.74 

4 1 

Tetrag. 

Ci. p.219. 


Division 5.—Not belonging to the foregoing divisions .—Insoluble in hydrarhlvn'r (tr only slightly nct<‘d iipon. 

—The minerals in this division, with the exception of a few placeil at the beginning, are silicaks. This may la* I'rtnod Ity fusing witii sodium curb(tiiate, and then obtaining gelatinous sUica 
by treating the fused material with nitric acid and evaporating, as directed on p. 110, §4. There are also given on pp. lU and H‘J some simple inethMis for the detection of tlie buses wliidi most 
often occur, aluminium, ferric nnd ferrous iron, calcium md magnesium. The ilame tests B, B,, or madt^ as tiire<-teii on p. 105, 1, c, serve for the detection of sodium and potassium.—A 

number of the silicates in this division, after fusion, dissolve in HCl and yield gelatinous silica on evaporation. To try the experinu-nt pulverize stnue particles which have been thoroughly fusetl B. Bif 
and treat the powder as directed on p. 278, Division 3.—A careful determination of the crysUillization, cleavage, spenfic grarity and hardness will be found most useful for the identitication and recognition 
of these silicates, which, as a rule, do not give very pronounced blowpipe reactions. 


Phosphates. —After fusion with 
Na-jCOs and dissolving in 
HNO 3 , a little of the solution 
will give a yellow precipitate 
when added to ammonium 
^ molybdate (p. 102, § 1). 

B. B. generally give a red flame {litlmim). but 
the color may be obscured by sodium. Give a 
reaction for fluorine (p. 76, § 2). Montebrasite 
gives acid water in the closed tube (p. 77, §5). 

Amblygonite. | 

Li(AlF)Pci.. 

Na iso. w. l.i. 

Whilo In pnio- 
; gr<*cn <tr him*. 

. Whito tn puU’- 
; gn'cn or Ibiie 

V itreous to 

^reusy. 
Vitreous to 

greasy. 

<\ Basal, per. i « 

F. rm-vem 

3.08 

iTrielinic. 
ill. mass. 

Montebrasite. 

Li[AI(()H,F)JI'U.. 

Na Iso. w. Li. 

('. Basal, per. 
{F. Uneven. 


3.00 

I'l’ri clinic. 
|U. mass 

After fusion with NaaCOa and dissolving in 
HCl, the solution gives a precipitate with 
HaSO* (p. 53, §8, h). 

Hamlinito. 

(8r.OH)(A1.2<)H), 

Ba tafi.w.SrjP Ihh.w .t >I i 

Whit<* t«» 3’t'l- 
1 InwiKh-whilo, 

AVhjir Ut pule- 
[gretUHa'yellow 
IWhitc to pah*' 
'green or yellow 
White lo pule 
yellow. 

jPcurly, 

greasy. 

|C, B.n.sul, per. 

1 4.5 

3.15- 

3.25 

4 

H(‘x. Rh. 

TThe pale &2tiii'/i-grc/t)/4<flaijuicoolui” 
alien, often seen best after! 
moistening the assay with 
H 3 SO 4 , may be employed for 
the identification of a phos¬ 
phate. 

Fuse to a white enamel. Herderite gives strongly! 
acid water in the closed tube (p. 77, ^ 5). 
Hydro-herderite and Cirrolite give neutral or 
only slightly acid water. To prove the pres¬ 

Herderite. 

Ca[Be(F,On)]P<).. 

A’itreoUH, 

r<*sinous, 

F. Unevem 

1 . 

I '*5 

i.. 

3.00 

4 

Monocl. 

Hydro-herderite, 

Ca(Be.OII)P().. 

Vitremis, 

resinous.! 

|F. Uneven, 


2.95 

4 

Monocl. 

ence of beryllium, see p. 54, § h. 

Cirrolite. 

(Ca.OII).AI,(PoZi 

Vitreous. 1 

F. Uneven. 

1 

5-6 

3.08 

4 

Massive. 

Tungstates. — Decomposed by 
boiling HCl, leaving a yellow 
residue of tungstic oxide (p. 

128, § 1). It is best to treat 
Hiibnerite as directed on p. 

129, § 2. Note the high Sp. Gr., 

Imparts to the borax bead in 0. F. a reddish-i 
violet color {manganese). 

Hubnerite. See 
wolframite, p. 254. 

MnWO*. 

Fe lao. w, Ma. 

Brown to 
lirowIn black. 

1 

Hesinous. 1 

0. Finac., per. 
F. Unevem. 

5-5.5 

7.2 

1 

4 

Monocl. 

In the dijute HCl solution, made alkaline with 
ammonia, test for calcium with ammonium 
oxalate (p. 60, § 6). 

Soheeiiie. 

0a.mh. 

White, yellow, 
green, *brow n. 

Vitreous. 

adnntantine. 

C. Pyramidal. 
F. Uneven. 

4.5-5 

1 

6.05 

5 

Tetrag. 
Page 182. 

muoTiae.—ntniQa in a bulb tube with potassium bisulphate give a deposit of 
silica and vapors which corrode the glass (p. 76, ^ 2). 

Seliaitv. 

HgF,. 

Col^kss 10 
white. 

Vitreous. 

i'O. Basal, pe?\ 

F. Con eh oi dal. 


2.96- 

3.10 

4-5? 

Tetrag. 


Division 5.—Continued on next page. 
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ir. MINERALS ^ylT\\i)Vr llhVVMAAi' LV^TKU. 

B.—Fusiblo from 1-5, and INron-volatilo, or only Slowly or Partially 

Volat ilo. 

PAirr in.— With .<ntliu!n earlMHiatt' roi (‘liarcoal An ufA n nh'inJlir (/ion- 
ule^ juui whon fused aluia* in tin' redueing ihnne do not iit'iumio motjuvii(\ 
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IL MINERALS WITHOUT METALLIC LUSTER. 

B.—Fusible from 1—5, and Non-volatile, or only Slowly or Partially Volatile* 
pABT III.—With sodium carbonate on charcoal do not give a meiaUiGgUhde, and when fused alone in the reducing flame do not become magnetic^ 
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Division 4 .— Decomposed by hydrochloric add witliU separation of silica, but without the formation of a jelly. 


Section a.—In the closed tube ffive water. —Concluded. 


General Characters. 

Specific Charactt>rs. 

Nam« of Species. 

Composition. 

Color. 

Luster. 

! Cleavafye and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

f Orystalli- 
j zation. 

Contain calcium, but no alu¬ 
minium.—‘MXer decomposing 
with HCl and separation of the 
silica, ammonia produces little 
or no precipitate, but ammo¬ 
nium carbonate precipitates 
calcium carbonate (p. 60, § 5). 

Fuses quietly to a glass coloring the flame yellow 
{sodimri), HaO. 

Pectolite. 

HKaCa,(Si(),),. 

Colorless, 
wiiite, gray. 

Vitreous, 

pearly. 

1 . 

iC. Pmac., per. 
jF. Splintery. 

5 

2 .7-2 .8 

2.5-3 

Monocl. ^ 
Fig. 361, 
page 222 . 

Fuses with swelling to a white, vesicular enamel. 
Colors the flame pale violet {poUiHsimn). 
m HaO. 

APOPHYLLITE. 

H7KCa4(SiO,)^. 

4}H20. 

(NH 4 ) & F in traces. 

Wliite, pale- 
green, yel¬ 
low, rose. 

Pearly, 

vitnjous. 

! 

:(!. Basal, per. 
F. Uneven. 

4.5-5 

2 .3-2.4 

2 

Tetrag. 
Page 181. 

B. B. at first becomes opaque 
and then fuses quietly to a clear 
glass. Colors the flame yellow. 

Usually crystallizes in trapezohedrons (Fig. 105, 
p. 171), sometimes in combination with the 
cube (Mg. 107). 

ANALCITE. iNaAKSiOab-HaO. 

Colorless or 
wiiiie. 

Vitreous. 

F. Uneven, 

5-5.5 

0 27 

3.5 

IsometriCn 

Gives little water iu the closed 
tube. Fuses with intumescence 
to a swollen, blebby enamel. 

Decomposed slowdy and with diflicmlty by HCl. 

PREHNITE. 

Hs CUa A 1 a (b i 0 4 ) 3 . 

Feiso. w. Al. 

Apple-green, 
gray, white. 

Vitreous. 

F. Uneven. 

(»-G. 5 

3.00 

2.5 

Orth orb. 
lienifonn.. 

Give much water in the closed 
tube. Generally fuse with 
swelling and intumescence.— 
After decomposing with HCl 
and separation of the silica, 
ammonia produces a precipi¬ 
tate of aluminium hydroxide, 
and in the filtrate ammonium 
carbonate gives a precipitate 
of calcium, barium or stron¬ 
tium carbonates. 

Many of these silicates nre closely 
related in chemical composi¬ 
tion, and differences in crystal¬ 
lization must he relied upon 
for their identification. Har- 
motome. Wellsite, and Phil- 
lipsite generally occur in com¬ 
plex, twin crystals, often re¬ 
sembling tetragonal prisms, 
terminated by pyramids of the 
opposite order. 

Contain &«rmm.~-The dilute IICl solution gives 
with diliue H 2 SO 4 a precipitate of barium sul 
phaie. B. B. Brewsterilc exfoliates prodigiously 
before fusing; Wellsite and ilarmotome whiten 
and then fuse. 

UffWKterite. 

(Si03)..;!H.x). 

Wiiite.yellow, 

gray. 

Vitreous, 

pearly. 

C. Pi line., ptr. 
F. Uneven. 

5 

2.45 

3 

Monoel,, 

WellsiU*. 

(Ca.Ks.lin) 

White or 
colorless. 

Vitreous. 

F. Uneven. 

4-4.5 

2 . 3 - 3.35 

8 

Monocl. 

Twinned. 

Harmotomc. 

(Ba, Kj) A l3bi3C)]4. 

5IIa(). 

While or 
' (‘olorless. 

Vitreous. 

( '. J'^iiiaeoidal. 
F. Uneven. 

4.5 

3 . 4 - 3.5 

3 

Monocl. 

Twinned. 

Hexagonal, rhombohedral. B.B. fuse with swell¬ 
ing. Gmelenite often cracks ami splits apart 
before fusion. 

CHABAZITE. 

(Fhacolite.) 

Approi. iCIa.NiijlA Ij 
(SiO,'..(ilI,0 

Wiiite,yellow, 
flesh red. 

Vitreous, 

( l.Khombohed. 
F. Uneven. 

4-5 

2.05- 

2.15 

3 

Hex. Rh. 
Page 195. 

Gmelenite. 

Approx. (N!l~.ra)Al 3 
(SiOoU.GHjO. 

Widte, yello)\', 
flesh-red. 

Vitreous. 

C. Prismatic. 

F. Uneven. 

4.5 

2.05- 

315 

3 

Hex. Rh. 

Fuse with swelling and intumescence. 

Stilbite is commonly in shcaf-like aggregations 
of crystals, or radiated; isolated crystals, 
owing to twinning, have an orthorhombic 
aspect. On Heulandite tlic pinneoid faces wdth 
pearly luster are usually lozenge-shaped. 

STILBITE. 

(Desiniiie.) 

H4(0a,N'a,)Ai3 

(Si03)«.4lLO.! 

While, yellow, Pearly, 
hrowii, red. | vitreous. 

(•. Pinac., per, 
F. Uneven. 

3.5-4 

2.1-2.2 

3 , 

Monocl. 

Twinned. 

HEULANDITE. 

H,(Ca,Na,)Alj i 

(Si0.),.3H,0.' 

White, yellow,: 
red. 

Pearly, 

vitr(!ou.s. 

C. Pinac., 

F. Uneven. 

3.5-4 

2 . 1 . 5 - 3.2 

3 

Monocl. 

Kpl.stilbite. 

U4(Ca,Nui)Al3 

White. 

i^'arJy, 

vitreous. 

C. I'lnat^ , per. 
F. Uneven. 

4-4.5 

2.2-2.25 

3 , 

Monocl, 

Twinned. 

B. B. Whitens and fuses without swelling to a 
vesicular enamel. Reacts for potassium (p. 105, 
§1, c). 

Phlllipslte. 

(Ca,K,,Na3iAl.. , 

Vitreous. 

C. Pinacoidal. 
F. Uneven. 

4.5-5 

2.2 

3 , 

Monocl. 

Twinned. 

Crystallizes in octahedrons. 

Faujasite. 

iIi(Ca,JNa.j)Al3 

(8iO,). 9 H 3 O. ' 

White to 
brown. 

Vitreous. 

C. Octahedral. 
F. Uneven. ■ 

5 

1.92 

3 

Isometric* 
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IT. MINERALS ^VITWOUT IMBTALLTC LUSTER. 

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Part HI. —With sodiuni carbonate on cliarcoal do not (jive a metallic gloh- 
ule^ and when fused alone in tlie reducing flame do not heccme maijnetic. 

Division X'l.—’Imoluble in hydrochloric acid, or only slightly acted upon.—Continued. 



^4 minerals IVITHOUT METALLIC LUSTER. -8^. 

B.—Fusible from 1—5, and NTon-volatile, or only Slowly or Partially Volatile. 

Paet III. —With sodium carbonate on charcoal do nal give a metallic and when fused alone in the reducing flame do not become magnetic^ 

Division 5. — l/isoluble in hydrochloric acid, or only slight ly acted upon.-—Contiimed. 


General Characters. 

Specific Charact<‘rs. 

Name of Species. 

Composition. 

Color, 

Luster. 

Oleavafje and 
B'racture. 

flard- 

ness. 

Specific 

Gravity. 

JHisi- 

bility. 

Crystalli¬ 

zation. 

iTHE MICAS, and minerals —These minerals possess such a remarlmble cleavage that they 

can be sjilit into exceedingly tliiii sheets. Someiinies they occur as aggregates of minute scales,^ and then the 
inicaceous structure is not so apparent. Distinct crystals usually have a hexagonal and sometimes an ortho¬ 
rhombic aspect. The true micas give only a little water when intensely ignited B. B. in a closed glass tube, and 
their folise are lough and elastic. Compare Lepidomelane (p. 269) and Vermiculite (p. 281). 

Give a red flame when 
heated B. B. i}iih- 
ium). 

Easily fusible to a wdiite or gray globule. Gives 
acid water when intensely ignited iit a closed 
tube (p. 77. §5). 

LEPIDOLITE. 

(Lilhia Mica.) 

LiE[Al(Oir.F),l 

Al(SiOa),. 

Lila<?, grayish- 
white. 

Pearl 3 c 

(1 Basal, per. 

2.5-4 

2.S-2.9 

2 

Mo nod. 

U. gran. 

Easily fusible to a dark-colored globule. See*! 
p. 270. ‘ , 

Ziniuvaltlite. 

(K,Li)=Fi^"(A10) 
(AIFs)Al(SiO,),. 
OH iso w, K. 

Gray, l)rown, 
violet. 

Pearl jL 

C. Basal, 2 ^er. 

2.5-3 

2.8-3.2 

2.5-8 

Moiioci. 

B. B. exfoliates prodigiously, and fus(‘s with dib: ^ 
ficulty. Gives much water in the elos(*d tube. 

LilA1.20H)o(SiO,).. 

White. 

Pearly. 

C. Basal, 

2.5 

2.67 

4.5-5 

Monoel. 

Li. nidi at. 

Scarcely acted upon by 
boiling concentrated 
H 2 S 04 .-Tbis test 
should be made as 
follows? cleave out 
a few exceedingly 
thin scales of the 
mineral and boil 
them in a test-tube 
with 8 c.c. of acid 
for about a minute. 
The mica scales 
should preserve 

their luster and 
transparency when 
thus treated, and 

Light-colored mica. Found visuallv u ith quartz MUSCOVITE, 
and feldspar. j <>»'Potash 

B[aKAl3(Si04)3. 

Feiso. w. Al. 

Pale-ltrown, 
-green, -yel¬ 
low. white. 

Vitreous, 

pearly. 

C. Basal, jier. 

2-2.5 

2.86 

4.5-5 

Monoel. 

Imparts a green color to tlie l)orax head in It. F.lpnrlwite.. 
(chmomium), | (ChroiVu? Mica.) 

H,K{Al,Cr),(SiO.)a 

Enu'iald-green 

Vitreous, 

pearly. 

C. Basal, per. 

2-2.5 

2.SG 

5 

Monoel. 

Imparts a yellow color to the blowpipf* lhuneij»j,,,.ji^r,„,iro. 
{sodium), 1 M i<*a.) 

H3RaAla(Si04)n. 

Yellowish- to 
grnyisii-while. 

Pearly 

C. Basal, 

2 . 5-3 

2.89 

5 

Monoel. 

U. gran. 

B. B. easily fusible. Gives a faint viohd ilnme 
(potassium). 

Alurgit(‘. 

(A1.0H)Al(Si03)4. 

Mn iso. w. Ai. 

Ro.se-red to 
deep-red. 

Pearly. 

C. Basal, p 6 T. 

0 

u 

2.84 

3 

Monoel. 

Soft, and has a greasy feel. Folitc flexible, but 
not elastic. 

TALC. 

(;stoji.t ite, Soap¬ 
stone.) 

H,Mg 3 (SiOa).. 

A])ple-grecn, 
gray, white. 

Pearly, 

greasy. 

C. Basal, per. 

1 

2.80 

5 

Foliated, 

comi)aci. 

become turbid nor 
milky. Never at¬ 
tempt to add water, 
or to clean out the 
test - tube until the 
acid {boiling point 
388° 0 .) has become 
cold. 

Harder than the true micas. Folim ratlier 
brittle. 

Margarite. 

(Brittle Mica.) 

HaCaARBiaOia* 

Pink, gray, 
white. 

Pearly. 

C. Basal, per. 

3.5-4.5 

3.05 

4-4.5 

Monoel. 

Compare BiotiU, Glinochlore and Kmnmenr- 
ite below, which are slowly decomposeti hv 
H.SO 4 . . ’ • 






i 




Decomposed by boiling, 
concmtra ted H -j S 0 4 , 
when treated as di¬ 
rected in the fore¬ 
going ^ paragraph, 
that is, the thin 
scales lose their lus¬ 
ter and transpar¬ 
ency, and the acid 
becomes turbid or 
milky. 

21 ^ Phlogopite is 
much more readily’* 
decomposed than 
biotit e. Margarite 
of theforegoing sec¬ 
tion is slowly acted 
upon by boiling 
H.SO 4 . 

Usually a dark-colored mica. Found in veins 
with quartz nnd feldspar, and very comrnoti in 
eruptive rocks. 

BIOTITE. (Common 
dark-Kreen or black 
.'ll ica.) 

(K.H),(Mg,Fw. 

(Al, F©)a(Si04)j 

Green, yellow, 
brown, black. 

Splendent. 

C. Basal, per. 

2.5-3 

2.95-3.0 

5 

Monoel. 

Usually a lighi though sometimes a dark-eolored, 
mica. Found in crystalline limestone. Al¬ 
most alwaj's contains about 3 per cent of fluo¬ 
rine (p. 77, § 4). 

PHLOGOPITE. 
(Magnesia Mica.) 

(AI,Fo)(SiO.).. 
F Iso. w. OH. 

Yellow isli- 
brown, green, 
white.' 

Vitn*ou.s, 

pearly. 

C. Basal, per. 

2.5-3 

2.86 

4.5-5 

Monoel. 

Ti’iclinic. 

flexible, but not elastic. Give much'whaler 
in tlie dosed tube, but only when intensely 
ignited B. B. Penninite has apparently a hex- 
agonal-rhombohedral crystallization which re¬ 
sults from twinning. 

CLINOCHLORE. 
PENNINITE. 
(Ripidollte, Chlo¬ 
rite.) 

HeMgftAlaSisOi«. 
Feiao. w,Mg<ii:AL 

Green of 
various shades, 
liarely wiiite. 

Vitreons, 

pearly. 

0. Basal, per. 

2-2.5 

2.G5- 

2.75 

5-5.5 

Monoel. 

Ueflor reddish. Imparts to the borax bead in 
K. F. green color (chromium). Otherwise 
like Clinoclilore. 

Kitmmererite* 
(Chrom CHno- 
chlore.) 

H.Mg.(Al.Cr). 

Si.Ou, 

Garnet- to 
peach- 
blossom-red. 

Vitreous, 

pearly. 

0. Basal, per. 

2-2.5 

2.65- 
, 2.75 

5-5.5 

Monoel, 

Gives with salt of phosphorus in 0. F, a yellow, 
and in R. F. a green, bead (wnaifiww.). 

Roscoellte, 

H,K,(Mg.Fe) 

(Al.VwSiO,),,? 

clove-brown, 
brownish- 
green. 

Pearly. 

0. Basal, per. 

2 ? 

2.93 

3? 

Scales, 


inatter to pulverize mica. The material, however, may be obtalaed in siifacie»itly floe conditioafer ibe foregoing tests by scraping with a knife-blade, or cleaving into exceedingly thin sheets, and breaking or 
BmsioiT 5.—Continued on next page. V 
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IL MINERALS WITIiOlJT METALLIC LUSTER. 

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Part III.—With sodiinu carbonate on cliarcoal do not give a metallic gloh< 
'ale, and when fused alone in the reducing (lame do vmI become 'magjielic,. 

Division 5 —Insoluble in hydrochloric acid, or only slightly acted upon.—Continued. 
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General Characters. 


II. minerals without metallic luster. 

Irom 1—5, and Non-volatile, or only Slowly or Partially Volatile. 

Part III. —With sodium carbonate on charcoal do no/ nioe n 77? i i / - t . , 

;,UC a mtialho gUule, and wlum fu«Hi alone in tl.e reducing flame do not become magnetic. 

Division ^.—ImolvUc in hydrochloHe a<M, or only slighiy acn-d iiiKm.-Contiinud. 


280 


Specific Ciiamcters, 


o-^ 

0 C3 
O ^ 

CSS 05 

o 

DO 

o ^ 
bc” 

03 OQ 
> ca 

« s 

o> fl 

'C S 
o 

o . 

bo >40 

o^co 

is!? 

•t3 C^i 
© P -H 

N « S 
TSH P 

SS'Sd: 

o a' 
O V ^ 

I :a t 

t/) bo^ 

ir~l 

So £b| 
o®" o 

-j >^ta 
U. 

“■ 03 Q) 

lu a 
X- “ 

H I 


Contains harium, which may be delected as descrilied on p. 53, ^ d, Ik 


iiuc Acat..niuij. iui yuuu&&bu7n wiieii mixeci wiin gypsum, aiui hea 
plalinnm wire (p. 105, § 1, c). Microcliiie may exhibit on its cleavuiri 
or crystal faces a system of flue slriations, iudieatiiig a comple.x twinidii! 
structure, but geuerallyit is impossible to distinguish between Mier " ' 
and Orthoclase except by ibeir diilereut aidioii bn polarized lialit. 
uine anu Anorthoclase are feldspars found in eruptive rocks whi(‘l 
decided reactions for both sodium and iioiassium. 


^ inrci 1 n on platinum wire as difectei 

flF'Jf’ ^ '>«st cleavage surface a .ses 

tern of fine para lei striatums may be detected wliicli reveal the nresei'ie 

87, p. 168). These mineral", oAe. 
called the Flagiodase l^eldspars, form chemically a continuou.s «cnc 
from Albite NaAlSi.Oa to Anoithite CaAlaSi.,Oe. They can .seareelv lii 
distmpished from one-another by their blowpipe reactio b t a ^ 
for calcium, made as directed on p. 110, §4, may l.elp in ilie idm, Uh.:,l 
tion. Labi adonte IS very slowly acted upon by acids. Auortbite dis 
solves slowly and yields gelatinous silica (p. 280); 


Color the blowpipe flame greeal 
{boron). |J^“ Compare Bora- 
ciU (p. 277) which is slowly sol- 
uble in HCl ^dX^oAxinUe, below. 


Gives no water in the closed tube. 


When mixed with potassium bi¬ 
sulphate and fluorite and 
heated on platinum wire, mo¬ 
mentarily color the flame green 
p. 66, §1). 


Color the blowpipe flame red 
{liihium), which is at timesl 
obscured by sodium (p. 90). 

Compare the phosphates 
and micas, this division 


Gives abundant water in the closed tube. 


B._B. fuses with swelling and bubbling. Mav 
I impart a faint green color to the flume. ^ 


r 'timi?®® ";“l' <‘"d bilbilHinFrilbil-im 

to a aluftfrv mass. 
Bxbibits pyroelectricity (p. 2 : 11 ), whildt sue- 
ceeds best with light colored viirictie.s. 


I'fi?.; TT”/ branches when 

hist heated, and then fuses to a clear glass, 

.T 


Beyibion 2.—Continued on next 


[Fuses quietly to a white enamel. 


page. 


Nanie of Species, 

Composition. 

TlAiSM)... 

) BaAIvSivO. 

Cohir. 

j 

1 bust<‘r. 

Cl<‘avnj?e and 
r'racture. 

Hard- 
1 ness. 

1 

Specif! 

Gravity 

Fusi¬ 

bility 

Crystalli¬ 

zation, 

(Barium Feldspar. 

CtHoriess, 
i whitr. 

j Vitreous. 

|C. ihisal, peT., 
|)inae.,'z 90” 

1 6-6.5 

2.80 

5 

Monocl. 

ORTHOCLASE. 

(FoUikIi Feldspar.) 
n 

e ■™-— -- 

ZAlSisO,. 

Nft iso. w. K. 

( hiiui ifS.S, 

1 white, (U’t'aui 
lULsh-nai, gray 
i gretm. 

j 

jYitn>ous, 

pearly. 

C. Basal, per., 
pinae., z 90" 

() 

2.57 

6 

Monocl. 
Page 211. 

MICROCUNE. 

KAlSi:,08. 

Na iso, \v, K. 

White, cream, 
red, green. 

VitreoiLs, 

pearly. 

(J. liasai. per., 
|>inaeoi(lal, 
89" 30' 

G 

2.57 

5 

Triclinic. 

e .Suiiitlitio. 

(K,Na)AlSi30i.. 

(.’<)!< trle.ss, 
white, gray. 

Vitreous, 

pearly. 

C. Ihisal, per., 
!>iiiae , z 90”. 

6 

2.57 

4-4.5 

Monocl. 

.\uor( hoclas(‘. 

(m,K)AlSisO.. 

Colorless, 
white, gray. 

Vitreous, 

l»early. 

C. Basal, per., 
pinaeoidal, 
z 89 -90”. 

G 

2.59 

4-4.5 

Triclinic. 

ALBITE. ' 

(S<Kla Ftddspar.) 

KaAlSiiiO^. 

Colorless, 
W'hitr, gray. 

Vitreous, 

pearly. 

C. liasai, 'jier.., 
]dnacoida,l, 

^ 8(r l>4'. 

G 

2.02 

4-4.5 

Triclinic, 
Page 216. 

OLIGOCLASE. 
(Soda-lime Feld¬ 
spar.) 

(8NuA!Si,0.. 
j IC'aALSiaOH. 

Colorless, 
while, gray, 
gireisish, 

Vitreous, 

pearly. 

C. liasai, per.^ 
pinaeoidal, 

/ 80” 32' 

G 

2.CG 

4-4.5 

Triclinic. 

U. mass. 

ANDESITE. 

; (Limo-soda Feld- 
, spar.) 

jlNuAlSi^OH. 

(ICtlAlaBiaOi,. 

blui;^h,rei!«iish. 
Often e.xhihii 
n boamitul i 

Vitreous, 

[learly. 

C. Jia.''ai, per., 
pinaeoidal, 

Z 80 14' 

G 

2.69 

4-4.5 

Triclinic. 

U. mass. 

LABRADORITE. 
{Sixia-lime Feld- 
s)»ar.) 

UFaAlSijO,. 

( ^CuAlaBiaOa, 

|day <}f colors 
on thepiimeoiil 
fne(‘.(»lUt. ] 

Vitreou.s, 

pearly.j 

C. liasal, per., 
pinaeoidal, 

/ 80” 4'. 

G 

2.73 

4-4.5 

Triclinic. 

U. mass. 

ANORTHITE. 

(Lime It’eldspar.) ' 

CaAlaSiaOe. 

C’t>lo!';e'*.s, 1 

whil(‘, gray. 

Vitreous, 

]u?arly. 

C. liastil, per.., 
pinaeoidal, 
z 85” 60'. 

6 

2.76 

4.6 

Triclinic. 

Danburittt. 

CaB»(SiO.)... 

to pale 
yellow 






Mtreous. 

F. Uneven. 

k 

8.0 

8.6-4 

•a 

M 

o 

Howlite, 

HttCajjB ftSi 01 i. 

White. 

Vitreous. 

Splintery. 

3.6 

2.69 

2 

Nodular, 

Axinite. j 

^ 7 Al 4 B 3 (Si 04 )*, h.Tovo-bruwu, 

:i=Ca, Mn.Fe, Mg.Kn gray, gn-en. 

anti a little H,. j yellow,' 

Vitreous. 

0. Pinaeoidal. 
F. Conehoidal 

6.{h7 

8.27- 

8.86 

2.6-8 j 

Driclimc. 
Page 216. 

TOURMALINE. 

Bee p. 300. 

j 

r;,ai,(b.oh) 

B # rephumi by ** 
Mti,Ca,Ka, 

K,I4&IL F inti. w. Oil. 

[>laek, brown, 
L'leen, bhu‘, 
red, funk, 
white 

Vitreous. 

P. Conehoidal, 
Uneven. 

7-7.6 ; 

8.0-8.16 

8-5 \ 
U.8. ] 

Hex. Rh. 
lemimor. 
Page 196. 

SPODUMENE. 

(When green, Hid- ( 
denite.) 

I.i,Na)Al(SiO,),. 

While, gnty, 

pmk, emerahl- 
green. 

Vitreous* 

0. Prism., pet. 
F, Uneven. 

6.6-7 

3.18 

8.6 ! 

Mtonocl. 

U. prism. 

jPetsHt®. ” ( 

Li,Na)Al(Si,0,),. 

"T"--- 

Wlilte, gray, 
pink. 

Vitreous, ' i 
pearly. . 

0. linsal, per. 
Uneven. * 

6-6.6 

2.40 

^ 1 

Sdonocl. 

U. mass. 










(Page 280.) 

II. MIMEAXS WITH OUT METALLIC LITSTEK. 

B.—Piisiblo from 1-5^ and Non-volatile, or only Slowly or Partially 

Volatile. 

Pailt III.—With sodiuiu carboiuitc on cluirooal do not (five a meiidlic glol)^ 
iilc\ aiul when fused alone in the reducing llanio do ‘)wi become magnetic. 

Division 5 . — hiHoluhle in hi/dro'diloric acid, or only slightly iicted upon.—Continued. 
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II. M1NEI;.\LS WITHOUT MT/FALLIC LUSTER. 

B.—PTisible ftom 1—5, and Non-volatile, or only Slowly or Partially Volatile. 

Pabx III.—With sodium carbonate on charcoal do not give a mctaUic globule, and when fused alone in the reducing flame do not become magnetic. 

Division 5. — ImohihU in hydrochloric acid, or only slightly acted upon.—Continued. 


Geiiet-al Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

I..ust.er. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

Crystalli¬ 

zation. 

Contain manganese. —Impart to 
tlie borax bead in 0. P, a red¬ 
dish-violet color, which be¬ 
comes colorless in R. F. 

Gives much water in the closed tube. Carphoiiu*. 

Mn( Al. 2011 )a Sira w -y el low, 

(SiOal-j. ! wax-yellow. 

Silky. 

P. Splintery. 

5-5.5 

2.98 

3 

Mo nod. 

U. fibrous 

Characterized by its isometric crystallizaticm. 
Gelatinizes with HCl after fusion. 

SPESSARTITE. 
OIaof;;uH*se (iarnet.) 

(Mn,Fe,Ca) 3 (Al,Fe)« 

(Si 04 ) 3 . 

Brown i.sh- to 
garnet-red. 

Vitreous. 

F. Uneven to 
Coiichoidal. 

7-7.5 

4.2 

8 

Isometric. 
U. cryst. 

Like the foregoing, but with monoclinic <‘ry.stulli- 
zation. 

I’nrtschiiiite. 

(Mn,Fe)sAl3(Si04)3 

Yellowish, 

reddish. 

Greasy. 

F. Uneven, 

C.5-7 

4.0 

8 

Monod. 

Distinctly cleavable in two directions at 

Do not gelatinize with HCl after fusion. 
Rhodonite fuses to an almost lilack, and Sehef- 
ferite to a brownish glass. Fowlerite and Jef- 
fersonite when fused on charcoal with a little 
KaaCOs in R. P. give a slight coating of oxiik 
of zinc. 

RHODONITE. 

MntSiOa. 

ITe and Ca iso, \v. Mn. 

liose-red, 
pink, brown. 

Vitreous. 

O'. Pi ism., per. 
F. UiUiven 

6-6.5 

8.68 

3-3.5 

Tricliiiic. 
Page 817. 

Fowlorite. 
iZine Rhodonite.) 

(Mn,Zn,Fe,Ca,Mg) 

SiO,. 

Rose-red. 

Vitreous. 

(J. Prism., 

F. Uneven. 

6-6.5 

3.67 

8-3.5 

Ih'iclinic. 
Page 217. 

Siduaforite. (Man- 

KHiiese Pyroxene.) 

(Ca,Mn)(Mg,Fe) 

(SiO,)3. 

Y'ellowish- to 
reddish-brown 

Vitreous. 

0 . Prismatic. 

F. Uneven. 

5-6 

3.5 

4 

Moriocl. 

.hdTersonite. (Man- 
j^anese - zinc Py- 
ro.x:e‘ne.) 

(Ca,Mu)(Mg.F<’,Zn) 

(SiO,).. 

Greenish-black 
to brown. 

Vitreous. 

0 . Prismatic. 

F. Uneven. 

5-6 

8,6 

4 

Moiiocl. 

Characterized by a perfect prismatic cleavage, at 
angles of 55® and 125®. 

Uichteritr*. (Man¬ 

ganese Amphibole.) 

(Mg.SIn.Ca.Naj). 

(SiO,),. 

Brown, ye How, 
rose-red. 

Vitreous. 

0. Prism., per. 
F. Uneven. 

5.5-6 

8.09 

4 

Monocl. 

Prismatic. 

Give a reaction for vanadium (p. 180, ^2) and 
sometimes for arsenic (p. 51, 1, c). 


H6Mn,AhY.Si4033V 
.As iso. \v. V. 

Yellow to 
yellowisli- 
hrown. 

Resinous. 

C. Pinac., per, 
F. Uneven. 

6-7 

8.65 

2-2.5 

Orth orb. 

Fuses with much effervescence to a black glass. 

Piedmontite. 

I ManjLtuneKeEpidote.) 

Ca..(Al.()IIi 

Keddish- 
brown, reddish- 
black. 

Vitreous. 

C. Basal., per. 
F. Uneven. 

6.5 

8.5 

3 

Monocl. 

Contain iiianium. —Fused with 
NaaCOs, then dissolved in HCl 
and boiled with tin the solu¬ 
tion becomes violet (p. 127, 

§3). 

Fuse with slight intumescence to a dai'k nia.ss. 

TITANITE. 

(Sph<‘ne.) 

CaTiSiO^. 

Gray, lirown, 
green, yellow, 

‘ lilack. 

Resinous, 

adamantine* 

C. Prismatic. 

F. Uneven. 

5-5.5 

8.4-3.55 

4 

Monod. 
Page 218. 

(itiariniU*. 

CaTiSiOs. i 

Sulphur- to 
honey-yellow. 

Adamantine. 

0. Pinacoidal. 
F. Uneven. 

6 

8.49 

4 

Onhorh. 

Taliular. 

Very similar to Titanite. Gives reactions for 
yttrium (p. 65). 

|Keilluuiite. 

j OalhSiO. 

1 (Y,Al,Fe),Si06. 

ilirownisb- 
1 black. 

Vitreous, 

resinous. 

C. Prismatic, 

F. Uneven. 

6.5 

3.5-8.7 

4-4.5 

Monocl. 

Easily fusible to a black globule. , 

iNeiitunite. 

rNa,X)(Fe,Mn)""^^^ 1 

Ti8i40i3 

1 Black. 

! 

Vitreous. 

C. Prismatic. 

F. Uneven. 

5-6 

8.28 

3.5 

Monocl. 

Contain water of crystallization, 
—In the closed tube, at a low 
temperature, give much water. 

A number of the silicates beyond 
contain hydroxyl, and on in¬ 
tense ignition in the closed 
tube, yield water (p. 81, § 1, b). 

Compare JPrehnite, Law- 

After boiling with HCl and filtering, the solution 
gives a precipitate with IlaSO< {baritm). See 

p. 282. 

Harmotome. 

(Ba,K,)A!i,SuOM. 

riHaO. 

White, 

colorless. 

Vitreous, 

C. Pinacoidal. 
F. Uneven. 

4.5 

2.4-2.5 

3 

Monocl. 

Twinned. 

Fuses quietly. Crystallizes in si.x-.si<lcd pri.sm8. 

OfTretlte. 

{KujCalaAlttbiMOsti 

nilaO 

Wlsite, 

colorless. 

Vitreous. 

C. Prismat'''L 


2.18 

8 

Hexag. 

1 ’abular, 

Occurs in very fine capillary crystals. 

inilolite. 

(Ca, Ka, Na.|) A1 a b 11 o 
0.4 5HaO 

White. 

'Vitreous. 




4-5 

Capillary, 

sonite, Euclase, Talc, and 
others. 

Occurs in tabular crystals resembling heulaudite, 
and in radiated groups. 

Hordenit©. 

(K„Na,.Ca)A!.Sh„ 

White, yellow, 
jiinkfsh. 

'Vitreous, 

pearly. 

C. Pinac,, pen 
Uneven. 

8-4 

2.1-3.15 

4-5 

Moiioch 


Division 6, —Continued on next page. 
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II. ]\]INERALS WITUOVT iME'rALLTC LUSTER. 

B.—Fusible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatiio. 

Part 111.—sodiinii carhonato on cliarroal do vot rjive a mefalUc (jhd)* 
nle^ aiul when rused alone in the rodueiiig ilaane do not beconw indgnefic* 


Division 5.— InsohihiL. ht /iintroc/tlarw (un'd, or only aiightly iK'ted ContinMcd. 
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II. MlNKllALS WITHOUT METALLIC LUSTER, 

B.—Fusible from 1—5, and Hon-volatile, or only Slowly or Partially Volatile. 

Pab'^ III. _With sodium carbonate on charcoal do not gi ve a metallic globule, and when fused alone in the reducing flame do not become magnetic. 

Division Insoluble in hydrochloric add, or ouly slightly acted upon.—Continued. 


ThP remaininff silicates in this division are arranged according to t neir crysfallization, because there are no sulliciently pronounced blowpipe cbaractcrs wliicb may be used for subdividing them into 
groups When crystals are Pt hand the species in almost all cases nuiy l)e ideutihed readily by their blowpipe and physical properties, as given in the table. 


General Characters. 

SiJeciflc CharaeltM’W. Name of Species. 

Composition. 

Color. 

Ln.st«r. 1 

Cleavap^e aia! 
I^’racture. 

1 Hard- 
1 ness. 

Specific 

Gravity. 

Fusi¬ 

bility. 

1 Cry St all i- 
j zatioii. 

1 

Fuse quietly. Gelatinize with 
HCl after fusion. —To dis¬ 
tinguish with certainty be¬ 
tween Grossularite and Pyrope, 
tests in the wet way for calcium 
and magnesium must be made. 

Generally crystallize in dodecnliCHlnims Jind ira- 
pezoliedrons or their combination, Figs. tl7, 
J05, and 106 (pp. 170-172). ^ ^ j 

Compare the dilferent varieties of GARNET,; 
AlmandiU (p. 270), Andradite (t). 260], Spes- 
sariite (p. 286), ami Uvaroviie (p. 299). j 

GROSSULARITE. 
((talohiin-aluinin- 
turn Gamut.) 

Ca8Al3(Si04)3. 

Fe, a Bln Lso.w.Ca. 

Fe iso. w'. Al. 

Pale-red, yel¬ 
low, green, 
white. 

Vitreous. | 

i 

F. Uneven to 
Oondioidal. 

6 .5-7.5 

^ H.,5-3.6 

i 

8 

1 

Isometric. 

1 

PYROPE. 

(MaKnu.siurn-ahi. 
ininium Garnet.) 

(Mg,F«.\C.^a)3 AL 

(Si04)3 

Fe and Cr iso. w. Al. 

Dee[)-red, 
rarely ame¬ 
thystine. 

1 

Vitreous. 

F. Uneven to 
Conchoidal. 

6.5-7.5 

8 . 6-3.7 

3.5-4 

jlsornelric. 

Fuses with intumescence to a 
greenish or brownish glass. 

Gelatinizes with HCl after fusion. | 

VESUVIANITE, 

(hlocrase.) 

Ca„[AI(OH,F)l ■ 

(Al.F..)ASiO.)i. 
Fe A Bin isu.w. <.!a. 

Green, brown, 
yellow, bine, 
red. 

Vitreous, 

resinous. 

F. Uneven. 

6.5 

8.35- 

3.45 

3 

Tetrag. 
Page 180 

Fuse with intumescence to a 
white mass. Color the flame 
intensely yellow { 80 dium\ 

chloride). 

Minerals of the SCAPOLITE GROUP- Compare 
Meiojiite (p. 283). Wernerile is slowly acted; 
uf)ou by HCl. Test for chlorine, after fu.sion; 
with NaaCOa, as directed on p. 67, ^1. j 

WERNERITE. 

(Son polite.) 

\ Ca4Alt-.SifiOvt. 
'iNa^AloSi.Ou^Cl. 

White, gray, 
light-gr(‘en. 

Vitreous. 

C. Ih-ismatic. 

F. Uneven. 

5-6 

2.68 

8 

Ttiiufr. 
p!i,go 183 

Marialite. 

Na4ALSiu(>,4Cl. 

Colorless, 

white. 

Vit.reous. 


5.5-6 

2.56 

3-4 

TVti'jjg. 
(M/JO. p. 211). 

Fuses with intumescence to a 
white blebby glass. 

B. B. in the closed lube whitens, ami give.s a 
little water at a high tempemtuie. 

Milarite. 

HKCaaAla(Si«(>6)6. 

Colorless to 
])ale-green. 

Vitreous. 

I 

|F. Conchoidal. 

5.0-6 

2.55 

3 

IJexag. ^ 

B. B. whitens, and fuses at 5 to 
5^ to an enamel. Yields a little 
"water on in tense ignition. 

The varietiea of beryl (•ontaining alkalies 
(Na,Li,Cs)are more fusible than those without. 
See p. 300. 

BERYL. 

(Aquniiiarine when 
pale-i!^reen ; Einer- 
jiUt when deep- 
^ruen.) 

Approximately 

BesALCSiO^l^.lILO 

Naj, Liej & (tsj, iso.w.ik'. 

Green, blue, 
yellow, pink, 
(‘olorless. 

Vitreous. 

1 

|F. Conchoidal, 
j Uneven. 

1 

7.5-8 

2.75-2.8 

1 

5-5.5 

Hexng. 
Page. 188 

Fuses quietly. Colors the flame 
intensely yellow (sodium). 

Generally pliosphoresces wlum in.'ated (J>. 231). 
Gives a slight reaction for fluorim; (p. 76, ^ 3). 

Leucophanite. 

Na(BcF)0!i(SiO,),. 

Pal(‘-green, 
yellow, white. 

Vitreous. 

(J. Basal, per. 
F. Conchoidal. 

4 3.90 

2.5-8 

Orth orb. 
ci.x'7, p.eis). 

Fuses quietly and with difliculty. 

Yields 14 per cent of water on intense Ignition of| 
the powdered mineral in tlieelo.se<i tube. 

iOLlTE. 

((Jordierite.) 

H,(Mg,Fe),A.!„ 

SiloOsT. 

Blue, rarely 

1 colorless. | 

Vitreous. 

C. Pinacoidal. 
IP. Conclioidal, 

7-7.,5 , 3.00 ,5-0.5 

Ortliorh. 

Fuses with swelling and in¬ 
tumescence to an enamel. 

Loses 4.5$^ of water on ignition. Slowly aeietl 
upon by HCl, but gelatinizes after fusion. 

PREHNITE. 

HaCUa Ala(fc)i04 la. 

Fe iso. w. Al. 

iVp pie-green, 
gray, white. 

Vitreous. 

IF. Uneven. 

G-G.5 

2.9 i 

j 2.5 

Ortiiorh. 
Ren i form- 

B. B. cracks open, swells, and 
fuses to M frothy mass. 

Yields 11 per cent of water on intense^ ignit ion in 
the closed tube. 

Lawson ite. 

Ca(A1.20H){SiO,),. 

G ray i.sh. blue 
to white. 

Vitreous. 

|C. Pirrnc., per. 

IF. Uneven. 

1 

8 

3.09 

4 

Orth orb. 

Fuses with intumescence, color¬ 
ing the flame yellow {sodium). 

Gives 3J per cent of water on iutemse ignition in 
the closed tube. 

Epididyinite. See 
eudidymitCy p. -88- 

HHaBeSiaOe. 

Cohmless. 

Vitreous, 

pearly. 

C. Ba.sa], per. 

6 

2.55 

2.5-3 

Ortliorh. 

Very difiiculily fusible. Fus. = 
5-6. 

jil^ These minerals are the or¬ 
thorhombic representatives oi 
the Amphibole and Pyroxene 
groups,respectively. See p.288. 

Characterized by itsiierfect prismatic cleavage, at 
angles of 54“ and 126®. Sometimes librous 
{asbe8iifo7‘m). 

Anfhophyllite. 

(Asbestus, in part.) 

(Mg,Fe)SiOa. 

Hj iso. w. Bif?. 

Gray, dove- 
brown, green. 

Vitreous, 

pearly. 

C. l^vmn., 'per. 

5.5-6 

3.10 

5-6 

Orth orb. 
U. prism... 

\ Has a prismatic cleavage (less tierfcct than the 
' foregoing) at angles of 88® and 92". 

enstatite. 

(Bronzite). 

(Mg,Fe)SiOa. 

Gray l>rown, 
green, 

Pearly, 

hronze-like. 

0. Prismatic. 

F. Splintery. 

5.5-6.5 

8.2 -8.3 

5-6 

Orth orb. 
iU. mass. 

Fuse with swelling and in¬ 
tumescence to a slaggy mass, 
which, on continued heating, 
does not readily melt to a glob¬ 
ule. Gelatinize with HCl after 
fusion. 

, Fuse to a light-colored slag. Yield about 2 per 
cent of water on very intense ignition, of the 
potodered mineral in a closed tube. 

ZOISITE. 

Ca,(A1.0H)Ala 

iSiO,),. 

Grayish-white, 
green, pink. 

Vitreous, 

|)early. 

C. Pinae., per. 
P. Uneven. 

6-6.5 

8.25- 

3.85 

8-4 

Orthorii. 
IT. prism. . 

Olinozoisite. 

ea,(A1.0H)AU 

(SiO.),. 

White to pale- 
pink. 

Vitreous. 

C. Basal, per. , 
F. Unev(.m. 

6-7 

8.37 

8-4 

Monocl 

Generally fuses to a blac . slag. Yields water 
like the foregoing. 

_ _ _ —_ _ — _ _ _ —....-. 

EPIDOTE. 1 

Ca,(A1.0H) 

(Al,Fe),(SiO.),.| 

Yellowish- to 
blackish- 
green, gray. 

Vitreous 

G. Basal, per. 

F. Uneven. 

6-7 

3.87- 

3.45 

3-4 

Monocl. 
Page 213. 


Division 5.—Concluded on next page. 
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11. MINERALS WITHOUT METALLIC LUSTER. 

B.—Eusible from 1-5, and Non-volatile, or only Slowly or Partially 

Volatile. 

Pamt hi.—W^ itli sodium carbonate on charcoal do oiot give a metallic gloi* 
ule, and vvlieii fused alone in the reducing llaine do not hecome 7 nagneiic, 


.Ditisiox 5. —Insoluble in hydrochloric acid, or only Kliglitly acted upon.—Concluded. 
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II. MINEEALS AVITHOUT METALLIC LUSTER. 

B.—Pusitole from 1—6, and Non-volatile, or only Slowly or Partially Volatile. 


28; 


Paet III.—With sodium carbonate on cliarcoal do not give a metallic globule, and when fused alone in the reducing flame do not become magnetic. 

Division 5. —Insoluble in hydrochloric acid, or only slightly acted upon. —Concluded. 


General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
I’raet ure. 

Hard¬ 

ness. 

Specific 

Gravity. 

Fu.si- 

biiity. 

Crystalli¬ 

zation. 

B. B. cracks, 'wliitens, and fuses 
at 5-5^ to a white enamel. 

In the closed tube at a red heal unchanged, but 
on intense ignition B. B. whitens and yields (> 
per cent of water. 

Eucla.se. 

Bt'(A1.01I)Si0.. 

Ptile-green or 
blue to white. 

Vitreous, 

|>early. 

C. Pi line., per., 
h\ Uneven. 

7.5 

8.05-3.1 

5-5.5 

Monocl. 

Fuse quietly or with but little 
intumescence. Characterized 
by a perfect prismatic cleavage 

Fuses to a colorless or nearly colorlea.s gla.ss. 
Sometimes fibrous (asbesiiform). 

TREMOLITE. 

(.\8bestus in part.) 

Mg3Si4 0ri. 

White, gray, 
violet. 

Vitreous, 

pearly. 

(•. Prism., per. 
F. Uneven, 

5-(5 

3.00 

4 

Monocl. 

at angles of 55° and 125'", 
which serves to distinguish 
these minei-iils from those of 
the next section. 

This section contains minerals of 
the AMPHJBOLE GROUP. The 
crystals usually have a pris¬ 
matic habit, and are often di¬ 
vergent or inradiated-columnar 

aggregates. Isolated crystals 
arc usually bladed or six-sided, 
vertically striated, and termi¬ 
nated by two planes (p. 212). 

Fuses to a greenish or brownish globule. Gives 
but little yellow coloration to tlie flame. 

ACTINOLITE. 
(Nephrite or Jade, 
when compact.) 

:)a(Mg,Fc)3Si4 0i3. 

Green of 
various shades. 

Vitreous, 

pearly. 

G. Prism., per. 
F. Uneven. 

5-6 

8-3.05 

4 

Monocl. 

Prismatic. 

Fuses to a dark, shiny globule. G(merally iii- 
tumesces slightly and colors the flame yellow 
(sodium). The color of tlie ininenil deepens as 
the amount of iron iiun-enses. 

AMPHIBOLE. 

HORNBLENDE. 

( I’uMgaSiiOia. 

\ NaaAluSi^Oia- 
( MgaAU^^i-jGia. 

Fe i.so. w. Mg X: Al. 

Gnicn to 
black. 

Vitreous. 

0. Ib’ism,, per. 
F. Uneven, 

5-6 

8.2-3.3 

3-4 

Monocl. 

U. cryst. 
Page‘212. 

Imparts a strong yellow color to the flame 
(sodium). 

(Jlauc:ophane. See 
rti-bi'ckite, p. S70. 

.(]!ra,Al,Si,0„. 

IMg.Si.O.,. 

Ca(t Fe i.so. w. Mr. 

Lavender- to 
azure-blue. 

Vitreous, 

pearly. 

C. Prism., per. 
F. Uneven. 

6-6.5 

8.1 

3-3.5 

Monocl, 

U. mass. 

Fuse quietly or with little in- 
lumescenct*. The prismatic 

cleavage, at angles of 87° and 
9S°, is not very pronounced, 
thus distinguishing these min¬ 
erals from those of the fore¬ 
going group. 

This section contains minerals of 
the PYROXENE GROUP. The 
crystals usually exhibit the 

Fuses to a colorless or nearly colorless glass. 

DIOPSIDE. 

C^gSi::Oft. 

Colorless, 
wdiite, pale- 
greeu. 

Vitreous. 

C. Prismatic. 

P. Uneven. 

5-6 

3.29 

4 

Monocl. 

U. cry St. 

Fuse to a greenish or browni.sh glass. Sliow 
variations in cornpo.sition from Diopside to 

PYROXENE. 

Ca(Mg.Fe)Si,0,. 

Light to djirk- 
green. 

Vitreous. 

(b Prismatic. 

P. Uneven. 

5-6 

8.1-3.5 
U.3.3 

4 

M.onoel. 

IJ. ervst. 
Pjige 211. 

Hedeubergite, the color deepening as the 
amount of iron increases. 

Hedeubergite. 

CaPeSiaOo. 

..: 1 

Greenish-black 
to black. 

Vitreous. 

G. Prismatic. 

P. Uneven. 

5-6 : 

3.55 

4 

Monocl. 

combination of a nearly rect¬ 
angular prism, with, truncated 
edges (p. 211). They often 
show a distinct basal parting 

Puses to a shiny^ black glass. Reacts for alumin¬ 
ium Sond ferric iron, p. 110, Often gives 

a yellow flame (sodium). I®* Compare Acmitc 
(p. 270). 

AUGITE. 

(Coinnion pyrox¬ 
ene of lavas and 
igneous rocks.) 

(CaMgSiaO,. 

^ MgAUSiO,. 

(NaA18i,0.. 

Pe iso. w. Mr <& .41. 

Greeni.sh-i)lac:k 
to black. 

Vitreous. 

C. Prismatic. 

P. Uneven. 

5-6 

3.35- 

3.45 

4-4.5 

Monocl. 
Figs. 335 
& 336. 
Page 212. 

(p. 225). The pyroxenes have 
a higher specific gravity than 
the corresponding members of 
the amphibole group. 

Puses to a transparent blebby glass, coloring the 
flame yellow (sodium). Usually in compact, 
exceedingly tough masses. 

Jadeite. 

(Jade.) 

NsAlSi^O,. 

Whitcsgrayisli, 
green i.sh. 

Vitreous. 

0. Prismatic. 

F. Splintery. 

7 

3.33 

2.5 

Monocl. 

U. mass. 

Fuses with intumescence. Colors 
the flame yellow (sodium). 

Gives 8-|- per cent of water on intense ignition in 
the closed tube 

Eudidymite. 

HKaBeSiaOts. 

jWhiu;. 

Vitreous, 

pearly. 

C, Basal, per. 

6 

2.55 ^ 

2.5-3 

Monocl. 

U. talml. 

Soft, and has a greasy feel. 
DiflScultly fusible. 

Gives 4-5 per cent of water on intense ignition 
in the closed tube. 

TALC. 

(Steatite, Soapstone.) 

HqMgaiSiOa)*. 

jApple green, 

I gray,'white. 

Pearly, 

grea-sy. 

C. Basal, per. 

1 

2.80 

5-5.5 

Foliated. 

Compact. 

Fuses quietly, and without 
marked flame coloration. 

, Contains both ferrous and ferric iron, and much 
calcium. 

‘ Babingtonite. 

jlCa,Pe,Mu;!:iiO»r 

lPe,(SiO.).,. 

[Greenish-biaek 
1 to black. 

Vitreous. 

C. 1 direc., 

P. Uneven. 

5.5-6 

3.34- 

3.40 

3-3.5 

Trieliiiic. 
U. cryst. 









Division 


(Page 289.) 


II. MINERALS WITHOUT METALLIC LUSTER. 

C.—Infusible or Very Difficultly Fusible. 

1.—After intonse ignition before the blowpipe, either in the forceps or on 
(■burcoal, the ignit<'<l material gives an alkaline reaction when placed on 
moistened turmeric-paper.—In part. 
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II. MINERALS WITHOUT METALLIC LUSTER. 

C.—Iiifusible or Very Difficultly Fusible. 

Division 1.—After intense ignition "before tbe blo'vvpii)e, either in the forceps or on charcoal, the ignited material gives an alkaline ? 

N.B.—The minerals in this division are ohielly the salts of the alkali earth metals^ calcium, sivontiwni, and ha 

289 

'eaction when placed on moistened turmeric-paper, 

rium, with volatile acids. 

General Characters, 

Specific OharaeterH. 

Name of Species, 

Cornpo.sition. 

j Color. 

( 

1 Luster. 

Cleavage and 
l'’racture. 

Hard¬ 

ness. 

1 Bpeeific 
Gravify 

C ry.stall i- 
zuiiori. 

m2 

J, o 

cc J2 

On intense ignition B. B. 
throws out fine branch¬ 
es and gives a crimson 
flame {strontium). 

The rather dilute HCl solution gives a precipitate 
upon addition of a few drops of dilute 
(p. m,g3). 

STRONTIANITE. 

SrCO„ 

Wliiie, gray, 
ye]l()W'/gr(‘en. 

Vitreous. 

C. Prismatic. 
F. Uneven. 

3.5-4 

3.70 

Orth orb. 
Column. 

.S 

IHjxa 

On intense ignition B. B. 
gives a yellowish-green 
flame (barium). 

The dilute HCl solution gives a pr(‘cii)itate upon 
addition of a few drops of dilute IlaSO^ (in oti, 

fiarytof.alcite. 

OaBa(COn),. 

Wiiite, gray, 
ytdlow', green. 

Vitreous. 

C. Prism., per. 
F. Uneven. 

4 

3.65 

.Monoch 
Prism at. 

"S “ 

"os 'S 

g3). Crystals of Bromlite generally liave a 
hexagonal aspect. 

lirumlitt*. 

(Ca,Ba)CX)n. 

Whiu^, gray, 
eream-eo’lor. 

Vitreous. 

F. Uneven. 

4-4.5 

3.7 

drtborh. 

Pyramid. 

^-1 ^ 
a 

00 

*S C3 

B. B. swells and colors 
the flame intensely yel¬ 
low (sodium). 

Assumes a blue color when moistened with cobalt 
nitrate and intensely ignited (aluminiuin). 

Puw 

Na(A1.20H)C0«. 

White. 

Vitreous, 

silky. 

F. Longitudi¬ 
nal. 

o 

o 

2.40 

Monocl. 

Radiated. 

Contain calcium. —Dis¬ 
solve 2 ivory-spoonfuls 
of the powdered mineral 
in 3 cc. of HCl (warmed 
if necessary). Divide 

Imparts to the salt of phosphorus beacl in K. F. 
a green color (uranium). 

Umnothallite. 

CaaIT(CO:,),.l()Hu(). 

Vellowish- 

green. 

Vitreous, 

pearly. 

C. One direc¬ 
tion. 

2.5-3 


drthorh. 

Talmlar. 

arho7i dioxide 
mry to warm t 

Gives much water in the closed tube. Tiie 
dilute HCl solution gives a jirecipitaU; with 
barium chloride (p. 122, 1). 8ee ji. 273. 

Thaiiniasite. 

CaCOj.CnSiOo.CiiSO.. 

1511,0. 

White, 

colorless. 

Vitreous. 

F. Splintery. 

3.5 

1.87 

Hex Mg. 

Fi hrous. 

into two parts, dilute 
one with 10 cc. of 
water, and add a few 

Fragments effervesce freely in cold dilute IICi. 
Crystals of aragonite fall to a powder (change 
to calcite) when heated below redness in a 
closed lube. Show marked differences in 
cleavage and specific gravity. 

CALCITE. 

(.Marble, Ijiiuestoue.) 

CaCOn. 

Cluiorless, 
white, and va¬ 
riously tinted. 

Vitreous. 

C. Rho in bo¬ 
ll edral, 'per. 

3 

2.72 

Hc.v. Rli. 
Page 192. 

« CO 

«t=l u 

Is 

vQ 

drops of dilute HaSO^ 
to each. The concen¬ 
trated solution givers a 

ARAGONITE. 

CaCOi,. 

(/olorlcss, 
white, and va¬ 
riously tinted. 

Vitreou.s. 

0. Pinae.,_p(?<?'r. 
F. Uneven. 

3.5-4 

2.95 

Orlliorli. 
Page 205. 

2: H 

,> 03 
fcO^H 

0 

u 

o .fO 

precipitate of calcium 
sulphate (p. 59, § 3), but 
no precipitate forms in 

Fragments effervesce freely in hot, but not 
in cold, dilute HCl. Test for magiu'sium as 
directed on p, 91, § 1, 5. 

DOLOMITE. 

(Pearl Spar.) 

CaMgCCOs)!,. 

Fe i.su. w. Mg. 

(’nlorless, 
wddte, and va¬ 
riously tint(‘d. 

Vitreous, 

Itearly. 

C. Rlioinbo- 
hedral, per. 

3.5-4 

2.85 

Hex. Rh. 

L’l. 14, p.iCVJ. 

®0 -J 

rH 

00 

00 . 

rH . 

showing the absence of 
strontium and barium. 

B. B. becomes black and slightly inagnctm. 
Gives a considerable reaction for iron wh<*ni 
tested as directed on p. 91, §1, h. 

Ankorite. 

(Ferriferous Dolo¬ 
mite.) 

Oa(Mg, Fe.:\In)(C 03 )v. 

Brown, giay, 
seldom while. 

Vitreous, 

fiearly. 

C. Hlioinbo- 
hedral, 

3.5-4 

2.95-3.1 ; 
( 

Hex. Rli. 

:.ri. 14, p.L'ii). 

'^03 § 

£ . w 

Contain magnesium.— 

Give a precipitate of 
ammonium magnesium 

Scarcely acted upon by cold, dilute HCl. Breun- 
nerite gives a considerable reaction for iron 
when tested as directed on p. 01, §1, | 

j 

MAGNESITE. 

MgCOa. 

White, yellow, 
gray, browui. 

Vitreous, 

pearly. 

C. Rlionibo- 
hedral, per. 

3.5-4.5 

3.0-3.1 : 

Hex. Rh. 

U. gran. 

S W !> 

-S 

s|iS 

«X3 ci 

phosphate when tested 
as directed on p. 91, 
§1, b. 

Breunnerite. 

( Fer ri ferous Mag- 
aesite.) 

(Mg,Fe)COo. 

Brown, gray, 
seldom white. 

Vitreous, 

C. Rliombo- 
hedral, per. 

3,5-4.5 

3.0-3.2 J 

Hex. Rh. 

^ C 

'g C a 

o 'i 

"With the exception of 
Magnesite and Breun- 
nerite, these minerals 

Fragments are scarcely acted upon by cold, di-| 
lute HCl. 

llydrornaguesite. 

Mg,(Mg.OH),(OOu)n. 

3H«0. 

White. 

Vitreous, 

silky. 


3.5 

2.15 i 

Monocl. 

U. acic. 

^ c ^ 
orz‘^ 

E?- o 

give abundant vratei 
when heated in a closed 
tube. 

The magnesium minerals, 

Whitens, and alters to Nesquehonito on expos¬ 
ure to dry air. i 

Lansfordite. 

Mg,(Mg.OH),(CO,),. 

21H.iO. 

CoIorl<‘s.s, 

wdiite. 

Paraffin-like. ' 

C. Basal. 

2,5 

l.,5~1.7 ' 

rriclinic. 

1 ^ 

|| 0 

when pure, do not give 
very decided alkaline 

Occurs in spherical aggregations. 

Ilydrogioberite. 

(Mg.OH),CO,.2H.jO. 

Light-gray. 




2.16 i 

Compact, 

2; ,2 CO 
<a 4a rr 

1’? 2 

reactions with turmeric- 
paper. 

Soluble in cold, dilute HCl. 

Nes^nehonite. 

MeC0,.3H,0. 

Colorless, 

white. 

Vitreous. ! 

O, Prism., per. ' 

P. Splinter 

2.5 

1.84 ■ 

Orthorh. 
Prism at. 


Some varieties of Siderite, FeCOs, Rhodonite, MaiCOa, nnd Smiths(3uite, ZnCO* (Division a) contain sufficient catoiw t< 

) cause them to 

give an alkaline reaction after isnition. 


Division 1.—Concluded on next page. 














II. MTNEHALS WITITOTIT METALLIC LUSTEE. 


C.—Infusible or Very Difaoultly Fusible. 

Division 1. —AftcT itvtoiiso ignition before the l)lo\vpipe, either in tlie forceps or on 
charcoal, the ignited material gives an alkaline reaction when placed on 
moistened tiinueric-paper.—Concluded. 

Division 2 .—Soluble in Hydrochloric acid, but do not yield a jelly or a residue of silica 
upon evaporation.—In }xirfe. 



11. lilKEllALS WlTilOlJT METALLIC LUSTER. WO 

C.“Infusiblo or Vory Bifiieultly Pusible, 


Division l.—ilfter intense ignition before the blowi>ipc’, cither in the forceps or on clnirconl, the ignited material gives an alhiline reaeiion vrhen placed on moistened tiirmeric-pai)er.~-Conelu(ie<i. 


General Characters. 

1 

Sriecific t'haracterK. 

Nain<‘ of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard- 

ue.ss. 

Specific 

Gravity. 

C’ryst.alli- 

yatiou. 

Easily and quietly soluble in 
warm HCl. Gives the reaction 
for magnesium (p. 91, §!)• 

B. B. glows. Gives water in llie (dosed lube. 
Yields only a slight alkaline reucuion. Some¬ 
times hbrous. Compare FeTiclase 291). 

BRUCITE. 

Mg(OH).. 

Fe &, Mn iso. w. Mg. | 

White, gray, 

' green. 

1 

Pearly, 

vitreous. 

1 

C. Basal, per. 

2.5 

2.39 

Hex. Kh. 
U. tabuL 

Give acid water in the 
closed tube, accompanied, after 
intense ignition, by the odor of 
sulphur dioxide (p. 133, § 3). 

Ignited, then moistened with eohnll tdtratc* and 
again ignited, uMume a, l»lue color ialummiutn). 

Kalinite. 

(Pot.'iHh AImn). 

KAi(S0.j,.12n.,0. ! 

|C( )h»rle>s, 

1 while. 

|\dl reous. 

F. (/omdioidal. 

' 2-2.25 

1.75 

Isom.Pyr. 
U iihioiis. 

Kalinite is readily soluble in wattu*. wldle alu 
nite is scarcedy attacked hy aidds. 

1 

Alunite. 

(K.NiiKAl.'JOIIMSO.l,. 

'W*'bite, gray. 

Vitreous. 

C. Basal. 

F. Uneven. 

3.5-4 

3.83 

ilex. RJi. 
U. tabul 

Sulphide.—i^olnhlQ in HCl witl 
Found only in meteorites. 

1 evoluliou of liydrogcu sulphide* (|u 121, 7) 

(>l(ihnniito. 

CaS. 

iihile (dieslmit- 
luown. 

1 

C. Cubit;. 

4 

3.58 

Isometric. 

Fluoride —When iniensely heated in the closed tube gives acid wnier uimI vnpor> 
which corrode the glass (p. 77, § 5). . B. B. shows slight indication of fusion. 
Gives only a slight alkaline reaction. 

Prosopile. 

CaF 2 . 2 Al(F,OH),. 

^’olorless, 
i white, gray. 

t 

iVitreous. 

C. l^risinatic. 

F. Uneven. 

4.5 

2.89 

Mouocl. 

Quietly soluble in warm HCl. When heated below redness in a closed 
tube, crumbles, yields water and carbon monoxide gas, and changi s to CnC'Oa, 
which will effervesce with acids. 

Whtnvellite. 

CaC. 04 .II.O. 

! Colorless, 

1 white. 

Vitreous. 

C. Piuacoidid. 
F. Conchoidal. 

2.5 

3.33 

Monocl. 


Division 2. —Soluble in hjdr(K‘hl<)ric acid, but do notyieUl a jelly or a residue of silica upon evaporation. 


In order to determine that a mineral belongs to this division, treat one or two ivory-spoonfuls of XlHifnely pomlered material in a test-tube with from 8 to 5 cc. of hydrocbloric acid, and boil 
nntil not over! cc, remains. The concentrated solution thus obtained should be a dear liquid (not thick and gelatinous, indicating a division 3), or in case any solid material separates from 

the solution or deposits on sides of the tube it should dissolve completely upoti addition of water and warming. 


.1 o o 

Contains Imparts to the borax bead in 0. F. a viidoi eoior wdienizamtite. ^ 

hot, changing to brown when cold. Giv(;s wniter in tin* (dosed tube. | tKtuerald NUrk**!.) ; 

41h(>.; 

ihiu! all!- 

green. 

Vitreous. 

F. Sin 00 til. 

3-3.35 

2.6-3.7 

Massive. 

Compact. 

® © 

- 

s p «2 C 

S4:. _ p 

Contains ma7Z.(7«ae.;-€.—Imp!irts to the borax liead in (). F. a reddish-violeu 
color. Some varletitis contain sufficient iron to (‘jiu.se them to Ixu'onu'j 
magnetic after heating B. B. j 

RHODOCHROSITE. 1 

(Pia)ioyit(i.) 

MnCOa. ! 

C’ji. I'V*, .Mfj: X' Zii isti. \v. Mn. 

1 tose-ri'd, 
djirk red, 

1 trow it. 

V'itrcoiis, 

jiciu-ly. 

0. llhombo- 
hedral, p>er. 

3.5-4.5 

3.45- 

3.60 

Hex. Rh. ' 

u. a 

o _0 CO 

Contain mo.—Gives a 
WIG flame, and a coat¬ 
ing of zinc oxide on 
cliarcoal, when heat- 
eti as directed on p. 

i 

Gives little or no water in the clo.sed tulx*. 

SMITHSONITE. 

(Pry-bono Ore.) 

ZnUO,. 

Ca, M;c, Fe, Mn tV Go iso.w./n. 

Binwn. e!'efi!. 
hhug }Uidv, 

white. 

jV'itreous. 

1 

(’. Iwlmmbo¬ 
ll edral, per. 
F. Uneven. 1 

5 

4.30- 

4.35 

Hex. Rh. 
U. hotry., 
Fig. 363. 

© Gj 

Give water in the clo-sed tube. Auriidialcite gives 
an azure-blue flame {copper) wlu;n inoi.sUmed 

Aurichalcite. 

2(Zn.Cui(M>,,. 

3(Zn.Cu)(0H l-.i 

iP.nle-green to 
blue. 

Pejirly. 

j 

3 

8.6 

Monoch 

U acic. 

S g © 3 
^ ^ “ 

131, §1 (Fig 49). 

with HCl and huated on charcoal U. B. (p. 7:1, 
§1). 

n.y(ln>/.in(dte. 

2ZnCO,,3Zfu(>H)*:? 

■VN'hite, vjiiy, 

\ yellow. 

Dull. 


2-2.5 

3.6-3.8 

E^lrlh^^ 

Compact. 

a 

'5 p 

Zs 

Contain cobali. — Impart 
to the horax bead a 
blue color. 

Gives little or no water in the closed tube. 

Spbji‘r<»in>baltit<‘. 

GoCO.,. 

' Bu^e-red. 

V^itrcHULs. 


4 

4.0-4.13 

Hex. Rh. 

Gives water in the closed tube. 


jUiKUTtslin, 

Hydrated Co(T>a. 

lht^('-n*d. 



Soft. 


Earthy. 

© ga ® r- 

c to © a 

— © o c 

© '4-1 

.3 ® 

Contain Become 

black and oncignetic 
when heated B. B. 

Give reactions for both magnesium ami iron 
when tested as directed on p. 91, g 1 , b. 
gl^ Compare Ankeriie (p. 289). 

Breunnerite. 1 

(Ferriferous Mng- 
jiesiie.) 

(Mg.FelCOji. , 

Brown, grray, 
s(;ld<tm whit(!. 

Vitreous. 

iC. Rhornbo- 
! hedrnl, per. 

3.5-4.5 

3.0-3 .2 

Hex. Rh. 

1 aaS 
CD S 

*7-1 ^ o 

ir oj ‘JTi 

React for ferrouH iron 
with potassium ferri- 
cyanide (p. 85, g 4). 

Give slight or no reactions fm* ningtjcsiuin juid 
calcium when tested as dir(,ict(Ml on p. 91. 
§1,5, Fns. = 5 5-6. 

sincroTE. 

( 8 patbk Iron.) 

KeCO,. 

Fa, Mk & Mn iso. w. Fe. j 

Brown (4 j 

diilereiit 
shuide^. 

Vitreous, 

1 pearly. 

( 1 . Rhombo- 
hednil, per. 

3.5-4 

3.85 

Hex. Rh. 

1 

C.2 2 

2 o-’S 
“cOTg 

Give reactions for the 
rare'earih metals (p, 
"65). 

Give the reaction for luoriie (p, 76, § 3). 

1 ^*** Compare Basinimie (p, 297), whicli is slowly 
dissolve'd by HCl. 

Parlsite. 

Oa(CeF),(00.),. 

Dl tAi iso. w. Ce* i 

Yellowish- 
brown, hrow'n 

Vitreous, 

resinous. 

( 7 Biisal, per. 

F. Uneven. 

4.5 

4.86 

Hexag. 

Pyrani. 

Oft ao ^ -IE 
» 3 • S 

ba P* !a 0 

K <!0 ' ^ ® 

KS ‘g 02 

|§^ 2 : 

Gives only a slight ef- 
fervescen ce with HCl. 

Gives reactions for calcium (p. 59 , §3) and for a 
phosphate (p, 103, § 1). 

DahtJite. 

Ga,(CO.)(PO,},. 411 , 0 . 

Pale yellow¬ 
ish-white. 

Resinous. 

F. Splintery. 

5 

8.05 

Fibrous, 

Give the test for mag¬ 
nesium, wlien treated 
as directed on p. 91, 
§ 1 . ' 

1 ®** Compare magnesite and other magnesium 
carUnates on p. 289, which give a faint alka 
line reaction after ignition. 

magnesite. 

MgCO,. 

White, yellow, 
gray, brown. 

Vitreous, 

pearly. 

C. Ehombo- 
hedral, per. 

3.6-46 

8.0-8.1 

Hex. miu 
U- graa. 


Division 3.“—Continued on next page. 
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General Ciiaracters. 

S p e c i tic Cba rue le rs. 

Naiiu* of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

1 Crystalli¬ 
zation, 

si 

Imparls to ibc borax bead a blue color [cohali). 

liieherite. 

OoS04.7HaO. 

Flesh- to rose- 
red. 

Vitreous. 



1.92 

Monocl. 

jlncrust. 

C 'CS 

Imparts to the borax bead in 0. P. a violet color when hot. chuiigiug to 
brown when cold (nickel). 

Moreuosite. 

HiS04.7Ha0. 

Apple-green to 
greenish- 
white. 

Vitreous. 

C. Pinacoidal. 

2 

2.00 

Orthorh. 
U. acic. 

s s . 

~co 
^ oc<» 


i 

1 

Szniikite, 

MnS0,.H,0. 

White to pink. 



1.5 

3.15 

A morph. 
Botry. 

S CO 
o 

C TJ 

.S 'p d 

\ 

Impart to the borax bead in 0. F. a reddish-violet color (manganese) —i 

Mallurdite. 

MnSO,.711,0. 

Pink to white. 





Monocl. 

U. fibrous. 

Apjohuite and Dielrichite give an abundant precipitate of alirminrumi 
hydroxide when ammonia is added to tbe IICl solutitui. Ilesite and! 
Dietricbite give a coating of zinc oxide when intensely ignited on charcoali 
inRP, 1 

Ilesite. 

(Mn,Zn,Fe)S 04 . 4 H 30 . 

Green to white. 





Monocl. ? 
Prismatic. 


.Apjtthiiite. 

MnA]3(SO,)4.24IIuO. 

White to pale 
rose. 

Silky. 


1.5 

1.78 

Monocl. ? 
U. fibrous. 

CL U 3 cn 

C -J ^ 

O O 

« "to c3 


1 

i 

Dielrichite. 

(Zn,Fe.Mu)Al.,(S 0 .) 4 . 

221 IuO. 

Diriy-wliite to 
brownish- 
yellow. 

Silky. 




Monocl. ? 
U. fibrous. 

d d 
o ’■S Id 

^ sli 

Q 4 03 ej 

-•Sfl 

i 

Imparts to the salt of phosphorus bead in 0. F. a pale yellowish-green ; 

!,I<*hamjite. 

Uiioenuiii. 

(SOD.U.Cu.ILO. 

Emerald- 

green. 

Vitreous. 


2-2.5 

3.19 

Monocl. 

Tabular. 

color, which is changed to a fine green in Ih F. (uranium), \ 

Uraiioi>illte. 

CaUbS30„.25Il30? 

Yellow. 




3.75- 

3.95 

Velvety 

incrust. 

g - 
fl ® 
fcb”^ S 2 
^ “ § 
.2 P a 


Gives little or no water in the closed tube. 

Aluminn. 

{Al30)(S04),. 

Wliite. 

Vitreous. 


2-3 

2.75 

Ilex. Rh.? 
Massive. 

i 

Contain aluminium, — 

B. B. gives a violet flame (potassium). Kalinite is 
readily soluble in water, Lbwigite is insoluble 
in water and diflicultly soluble in HOI. 

Kalinite. 

(Potash Alum.) 

KA](S04)u-12Il30. 

Colorless, 

white. 

Vitreous. 

F. Conchoidal. 

2-2.5 

1.75 

Isom.Pyr 
U. fibrous. 

^.2 a 
0 a 2 

1 First ignited, then 
moistened with cobalt 

Lo\vij;ite. 

K(A1.30H),(S0,),.inL0. 

raw-yellow. 

Vitreous. 

P. Conchoidal. 

3-4 

2.58 

Massive. 

ffi 

nitrate, and again in- 
tensly ignited, assume a 
blue color (p. 42, § 1). 

Compare zincalumi- 
nite below. 

Gives the odor of ammonia when heated in a 
closed lube with lime (ignited ealcite). 

THch<‘rmlKite, 
(AiniiKmia Alum.) 

NH.Al(S() 4 )ti.l 2 H 30 . 

Colorless, 

while. 

V'^iireoiis. 

P. Conchoidal. 

1-2 

1.50 

Isom.Pyr. 
U. fibrous. 

s M .2 
r- c na 
;z: w 

Soluble in water. 

. ■ .- ■ . 

Ahinoj;en, 

A1,{S0,),.18IL0. 

White. 

Vitreous, 

silky. 


1.5-2 

1 . 6 - 1.8 

Monocl. 

U. fibrous 

w fS; 

2 1 2 
P p “• 

Insoluble in water. 

Aluminite. 

Alu(0H).S0,.7H,0. 

White. 

Dull. 

P. Gneven. 

1-2 

1.66 

Monocl. 

U. Kenif 

1 c<K i 

60 

0 

Cl 

KS 0 


Fels^banyite* 

Al,(0iI),S0..3Al(0Iiij. 

r.HjO. 

White. 

Pearly. 

0. Perfect. j 

' 1.5 

2.33 

Orthorh. 

U. scales. 

1 

G-ives a coating of zinc oxide when intensely heated on charcoal in R. P, 

Ziiicaluminite. 

2:n,Al„S,0„.18fL0. 

White, bluish- 
white. 



2.5-3 

3.26 1 

Hexag. 

G. tabular 

OQ 

jCiOHlarile. 

^rnS0..7II,0. 

Whitt*. 

Vitreous. 

C. Pinae., 

3-3.5 

1.95- ( 

3.04 . 

Drlhorh. 

iciculnr. 


Division 2. —Continued on next page. 
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1 

General Characters. 

B pec i 11 c Clia racle rs. 


Composition. 

Color. 

Luster. 

CJeavafre and 
Fracture. 

1 Hard- 
ness. 

1 S|:>eelfk 
Gravity 

Crystalli¬ 

zation. 

8ulp?ddes. — Decomposed b.y 
warm HCl with evolution of 
hydrogen sulphide gas, whicli 
may be detected by its odor. 

Give a coating of sme oxide on charcoal (ycdlow 
when IkU, white when cold) when lieuted as 
directed on p. 181, g 1 (Fig. 49). 

SPHALERITE. 

(Ziiu* nittfult*.) 

See p. 

ZuS. 

Fe and often a small amount 
of Cd iso. w. Zn. 

White, green, 
yellow, brown, 
black. 

Resinous, 

adamantine. 

C. Dodecahe¬ 
dral, per. 

8.5-4 

! 4.10 

1 

Isom. Tet. 
Page 175. 

\Vurtzit<‘. 

ZnS. 

Brown to 
brow 11 ’black. 

Resinous. 

C. Prismatic. 

8.0-4 j 3.98 

Hemimor. 

Vollzile. 

4ZDS.ZnO. 

liose-red, yel¬ 
low, hrotvn. 

Vitreous, 

gr(‘asy. 


4-4 5 ! 8.0.0- 

^ ‘ 1 3.80 

Globular. 

Gives a retidish-browii coaling <if vadniium <Kvide 
when healed on charcoal in Ji. E. with a little 
Na,COn. 

Graenockiio. 

CdS. 

Honey-,citroii- 
or orange- 
yellow 

Adamantine, 

resinous. 

C. Prismatic. 

F. Uneven. 

3-3.5 

4.9-5.0 

li exjig. 
Hemimor. 

Contain iron .—Wben heated in 
R.F. become strongly mag¬ 
netic. With the exception of 
Pyroaiirite become black when 
heated B.B. ami fuse when in 
fine splinters (Fus. = 5-6). 

Completely, though somewhat 
slowly, soluble in HCl. The 
solution is yellow, and, with 
the e.xception of Symplesite,re¬ 
acts fox ferric iron with potas¬ 
sium ferrocyanide (p. 85, ^ 4), 
Compare Bunseniie below, 
which also becomes magnetic. ■ 

Streak brownisii-red (Indian-red, red-ocher). 
Hematite is anhydrous or nearly so. Turgite 
gives W’^ater (5 per cent) in tlie closed lube and 
generally decrepitates. 

HEMATITE. 

Fif^. See p. ar)5. 

FeA>.. 

Red to redtlish- 
black. 

Dull to sub- 
metallic. 

F. Splintery. 

5.5-6 

4.9-5.2 

Compact. 

Etirthy. 

Turgite 

(Hydro-hematite.) 


Red to red dish- 
llack. 

Dull to sub- 
metallic. 

F. Splintery. | 5-6 

4.14 

In crust. 
Mam mill. 

Streak yellowish-brown (yellow-ocher). Give 
water in the closed tube. 

GOETHITE. 

(Ur»thite.) 

FeO(On) = 2 Fe 03 . 2 M,(). 

Yellow, iirown 
lo l)rowni>h- 
hlack. 

Dull to 

adamantine. 

.. 

C. Pinac., per. 
F. Splintery. 

5-5.5 

4.87 

Orthorh. 

Prismatic 

LIMONtTE. 

(Brown Hematite, 
l>o^; Iron Ore.) 

Fe,03(OIT)o = 

2Fe,()3.811.0. 

Yellow, brown 
lo brownish- 
blaek. 

Silky, (lull, 
eaVlliy. 

F. Splintery. 

5-5.5 

3.6-4.0 

Radiated. 
Still act! tfc 

Xantho.siclerite. 

l-'e,0(OlJ). = 

‘-ii<v,o,.4n5(). 

Gol(ieii-yello\v 
to brown. 

Silky, pitch- 
like, earthy. 


2.5 


Aciciilar. 

Eiirthy. 

Gives a decided reaction for magnesium after 
separation of the iron (p. 91, ^1, b). 

Pyroaiirite. 

Fe(0Hi,.3Ms(0II),.3n:O 

Golden-yellou 
to sil v(‘r.whit(‘. 

Ikairly. 


2-8 

2.07 

Hexag. 

Tiibulitr. 

Gives the reaction for an arsenate when intensely 
heated in a closed tube with splinters of 
charcoal (p. 51, § a). 

Symplesite. 

Fe,(A.sO.)..8n.O. 

Blii(^ to inoun* 
tjiin-green. 

IN'arly, 

vitreous. 

0. Pinac., per. 
F. Uneven. 

2.5 

2.95 

Monocl. 

Prisrmitic 

Contains Colors the 

borax bead in O.F. violet when 
hot and brown when cold. 

Magnetic after heating in R. F. 

Biinsenite. 

NiO. 

Pistnebio- 

green. 

Vitreous. 


5.5 

C.40 

Isometric* 

Contain waw^a72e5e.“Impart to 
the borax bead in 0. F. a red¬ 
dish-violet color which be¬ 
comes colorless in R. F. 

Gives a coating of zinc oxide when tlie finely 
powdered mineral is intensely heated B, B. on 
charcoal with a little Na» 003 . 

ZINCITE. 

(Red Zinc Ore.) 

(Zn,Mn)0. 1 

Deep-red to 
orange-yellow. 

Adamantine. 

C. Basal, per. 

4-4.5 

- i — 

5.5-5.55 

Hexag. 
Hemimor 
Page 190. 

Gives a coating of oxide of antimony when heal¬ 
ed with a little Na-jCOa on charcoal in R. F. 

Man};ano.stibite. 

MnioSbaOft. 

As iso. w. St). 

Black. 





Compact. 

Anhydrous. The color of the unuhered min'^nd is 
very characteristic. Darkens on exposure. 

Manganosite. 

MnO. 

Dark emerald- 
green. 

Vitreous, 

adamantine. 

C. Gubic, pe?\ 

5-6 

5.18 

Lso metric. 

Gives water in the closed tube. Color white when 
fresh, but darkens on exposure. 

Pyrocliroite. 

Mn( 01 I) 2 . 

White to 
hronzi*. 

Pearly. 

0. Basal, per. 

2.5 

8.26 

Hex. Rb. 
Talnilar. 

Structure earthy, pulverulent and frothy. Give.s 
water in the closed tube. 

Wad. 

(Bog Manganese.) 

Impure hydrated oxide of 
manganese. 

Gray, brown, 

! dull.bhiek. 

Dull. 




Massive. 
Earthy. ' 

Give an arsenical mirror'whm toehsely heated 
in a closed tube with NaaCOs and charcoal 
powder (p. 51, § b). 

Allactite. 

M:n,(AsO.^,.4Mu(OH)► 

1 Brownish” red. 

Vitreous, 

greasy. 

U. One direc. 
F. Uneven 

4.5 

8.84 

Monocl 

Hematollte. 

(Al.Mn)As0..4MH(0H),. 

Brownish- to 
gnrnet-r(‘d. 

Vitreous, 

greasy. 

CJ. Basal, per. 
F. Uneven. 

3.5 

3.35 

Hex. Rh. 

Contains cohali .—Imparts to the 
borax bead a blue color. 

Gives a green color to the NaaCOa bead in 0. F. 

[manganese]. ,, 

Gives water in a closed tube. 

A-sbolite. 

Hydrated cobalt ami maii*l 
ganese oxides, j 

Brown, blaek. j 

1 

Dull 




Massive. 

Earthy. 


Btvision 2 .—Concluded on next page. 
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11. MINEIIAIJS WITHOUT METALLIC LIJSTEE. 

C. —Infusible or Very Difficultly Fusible* 

Division 2. —Soluble in bydrocbloric aciti, but (h 7iot yM a jelly or a vendue of silica upon evaporation.—Concluded. 


m 


General Characters. 

Specific Characters. 

Name of Species. 

Composite tn. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Crystalli- 

mtion. 

P/msphates,—When a few drops of the HNO 3 solution are added to 
ammonium molybdate a yellow precipitate of ammoniuin plim- 
phomolybdate is thrown down (p. 102, § 1). The pale, bluish- 
green flame coloration (sometimes onfr seen after moistening the 
assay with Hab 04 ) may also be used lo identify a phosphate. _ 

Contain caiciurn. — The 
cold, concentrated HCl 
solution gives a pre¬ 
cipitate of calchun. 
sulphateupon addition 
of a few drops of dilute 
H 2 SO 4 (p. 59, § 3). 

Gives a slight reaction for fluorine (p, 75, gl) and 
generally also for chlorine (p. 67, §1). 

APATITE. 

Ca.(CaF)(PO.)n. 

Cl iw". w. i'". 

Green, blue, 
violet, brown, 
colorless. 

Vitreous, 

greasy. 

C. Basal. 

F. Uneven. 

5 

3.15 

Hexag, 
Page 189c 

Gives water in the closed tube. 

. ... . 

Marl initc. 

ILCa5(PO4)4.?.IL0. 

White, yellow. 




2.9 

Hex. Rh. 

Contain ahvmviiium and 
water. — The ignited 
minerals, when moist¬ 
ened with cobalt ni¬ 
trate and intensely ig¬ 
nited B. B., as.mme a 
blue color (p, 4iJ, § 1), 
Give water in the 
closed tube. 

When crystals are not 
available, quantitative 
determinations of 

some of the constitu¬ 
ents will be needed in 
order to make a sure 
identification of these 
i-are phosphates. 

Compare the in¬ 
soluble or difficultly 
soluble phosphates on 
p. 296. It is probable 
that some of the rain- 

26.9 per cent of water. 

-- 

Callaiiiito. 

AlP(b.2HI,0. 

Apple- to 
emerald-green. 



3.5-4 

2.51 

Massive. 

Wax-like. 

30.7 per cent of water. 

Zepharovioliite, 

AIPO 4 .311,0. 

Greenish- to 
grayish-white. 


F. Concboidal. 

5.5 

2.37 

Compact. 
Horn-like 

34.0 per cent of water. 

Minervite. 

AlP04.3aL0. 

White. 





Massive. 

37.1 per cent of water. 

Gibbsite. 

AIPO 4 . 4 H 2 O. 

Wliite. 





Ma.ssive. 

Foliated. 

13.5 per cent of water. 

Augelite. 

AWOIlhiPO^. 

Colorless, 

wlnle. 

\ iireous, 

pi'arly. 

0. Pri.sm., jorr. 
F. Uneven. 

4.5-5 

2.70 

JMonocl. 

23.8 per cent of water. 

1 *egaiiite. 

AUOHi.POh.UILO. 

Dark- to light- 
green. 

G rcaisy, 

vitreous. 

F. Uneven. 

3-3.5 

2.50 

Orthorh. 
Prismatic.. 

29.4 per cent of water. 

Fischerite. 

Ai,( 0 ii)MPO 4 . 2 ur 30 . 

(jlrass to olive- 
green. 

Vitreous, 


5 

2.40 

Orthorh. 

26.5 per cent of water. 

Spha'^rite. 

AU(0II)«(P04)a.l2H.0. 

Light gray or 
blue. - 

(jUreasy, 

vitreous. 

0. One direc¬ 
tion. 

4 

2.53 

Globular. 

eralS'in this section are 
insoluble in HCl. 

42.0 per cent of water. 

hlvunKite, 

AUOHj.PO^.GILO. ^ 

White, pale- 
yellow or him*. 

Vitreous, 

wa.x-like. 

F. Uneven. 

3.5-4 

1.94 

Massive. 

Botryoid. 

Contain the rare-earth metals (p. 65).—The HCl solution, nnuhi nearly 
neutral with ammonia, gives an abundant white precipitate upon 
addition of arainouinm oxalate. 

Compare Mouaziie (p. 296), which is diflicultly soluble in HCl. 

RhalKlophanite. 

(S(?ovillite.) 

(La,Di,Y,Er)PO..lI,0. 

Brown, pink, 
yellow, while 

G I’eas}'. 

F. Uneven. 

3.5 

3.95 

Massive. 
Mam mill. 

ChurehJfe. 

Ca,Ce,o(PO).,2.2411,0? 

8 niok(i-gijj V, 
])inki.sh tone. 

Vitreous, 

])early. 

0. One direc. 

F. Conclioidal. 

3-3.5 

3.15 

Moiioel. ? 
Radiated. 

Contain magnesium.— pre¬ 
cipitate of a^nmonium mag¬ 
nesium phosphate when treated 
as directed on p. 91, §1, b. 

Glow with a brilliant white 
light when intensely ignited 
B. B, 

The dilute HCl solution gives with ammonia a 
precipitate of aluminium hydroxide. Has a 
greasy feel. 

Hydrotalcite, 

Mg.Al(0IHr,.3H,0. 

White. 

Peajly. 

C. Basal, per. 

2 

2.05- 

2.09 

Hexag. 

U. foli- 
a,ted 

Give little or no water in the closed tul)e. 

Periclase. 

MgO. 

ColoriesM.gray, 

dark-gnien. 

Viti'eous. 

C. Cubic, per. 

5.r)-6 

3 .7-3 .9 

Isometric. 

Gives abundant water in the closed tube, Boiue- 
limes fibrous. 

BRUetTE. 

Mg{OH)a. 

Wliite, gray, 
green" 

Pearly, 

vitreous. 

C. Basal, per. 

2.5 

2.89 

Hex. Rh. 
U. tabular 

Contain the rare-earth m.etaU .— 
Test as directed on p. 65, 
Compare Basindsiie (p. 297), 
which is slowly attacked by 
ECl. 

In the closed tube at a high temperature give 
water which has a strong’acid reaction f iluox 
ine, p. 77, g 5). 

Fhioeerite, 

• Ce.La.DilnOF^, 

(OH) iso. w. I*'. 

jli(*diiish- 
1 yellow'. 

Hesin(m.s. 

F. Uneven. 

4 

5.7-5.9 

Hexag. 

U. mass. 

Yttroetnute. 

(y,Er,Ce)F3,5CuF,.HvO. 

A’io]{‘t, gray, 
brown, white. 

Vitreous, 

])early. 

■ .. 

0. Two direc. 
F. Uneven. 

4-5 

3.35- 

3.45 

Massive. 

Contains Imparts to the salt of phosphorus bead in 0 . F. a pale yeh 

lowish-green color, which is changed to emerald-green in R. F, 

Gummite. 

(Pb.Ca.BaiUsSiO.a.OH./)? 

Yellow, 
orange-red lo 
brown. 

(xri'asy. 

1 

jP. Uneven. 

2.5-3 

3.9-4.2 

Ma,ssive. 
Gum-like- 










(Page 294.) 
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C.—Infusible or Very Difficultly Eusible. 

Division 8.—Soluble in bydrocbloric acid, and yield gelatino'iis silica upon evaporation. 
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II. MINERALS WITHOUT METALLIC LUSTER. 


C.—Infusible or Very Difficultly Fusible. > 

Division 3. —Soluble in hydrochloric acid, and yield gelatinous silica upon exniporation. 

In order to determine that a mineral belongs in this division, treat one or two ivory-spoonfuls of xhe fmdg powdered material in a test-tube with from 3 to 5 cc. of hydrochloric acid and boil until 
not over 1 cc. remams. The mineral should go wholly into solution, unless difficultly soluble, and when tbe volume becomes small the contents of the tube should thicken, owing to the separation of 
gelatinous silicic acid (p. 108, §1). The silicic acid thus separated will not go into solution when heated wiih additional water or acid. 


General Characters. 


Contain si/?c.—Give a coating of 
oxide e/sme when heated vvith 
a little NsiijCOa on charcoal, or 
as shown in Fig. 49 (p. 131). 


Contains Gives a globule 

of copper when fused B. B. 
with NaaCOs on churcoab_ 


Contain magnesium. — Rather 
slowly decomposed by HCl. 
Treat \ ivory-spoonful of the 
finely “powdered imperial in a 
test-tube with 8 cc. of HCl 
and evaporate to dryness, 


of HNOa, 0 cc. of water, 
and filter. To the filtrate 
-ammonia to precipitate 
iron, filter, and then test 


boil 


of magnesium (p. 91, §1, h). 


Contain aluminium. — ^ 
treated as directed in tlie 
going paragnipU ainmoni 
duces a precipitate of alumin¬ 
ium hydroxide. Distinguish 
ed by their specific gravit 
from the heavier minerals i 
the following section. _ 

Contain the rare-earth metals.- 
After separation of the silic 
the solution gives the reaction 
described on pp. 65 and 66.- 
The high specific gravity c 
these ininerals is noticeable. 


Contains uranium.- 


in R. F, a gi een color. 


Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. i 

Clen vHj^t^ and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Cry stab 1- 
zatiou. 


WILLEMITE. See 

troostite, p. 


Colorless, 


C. Basal, & 



Hex, Rh. 
Page 196. 

Gives little or no water in the closed tube. 

ZnoSi04. 

white, green, 
yellow,*" blue. 

Vitreous. 

prismatic. 

F. Uneven. 

5.5 

4.0-4.1 

Gives water in tbe dosed tube. Exhibits jiyro- 
electricity (p. 231). 

CALAMINE. 

(liemimorpliite.) 

(Zu.OII).,SiOs. 

Whit.e, pale- 
green or blue. 

Vitreous. 

C. Fri.sni., per. 
F. Uneven. 

4.5-5 

3.45 

Oi't horli. 
Page 207. 

Gives a slight odor of hydrogen sulphide wlien 
dissolved in HCl, 

Dutialitc. See p. iitiO. 

R5(]LS)(Si04)5. 

R = Zn, P.e Fe. 

Pale rose-i ed 
to browni.sli. 

Vitreous, 

resinous. 

F. Uneven. 


3.04 

Isom. Tet. 

Gives water in the closed tube. 

Dlopiase. 

HaCuSiO,. 

Emerald-green 

Vitreous. 

(,'. lihoiub.,^j^;r. 
F. Concboidal. 

5 

3.35 

Hex. Rli. 
Page 196. 

Anhydrous. Contains little or no iron. 

Forsterite. 

Mg-jSiO<,. 

White, gray, 
y ellowislj- 
wliite. 

Vitreous. 

C. Pinacoidal. 
F. Uneven. 

6.5-7 

3.24 

Ortliorh. 

Anhydrous. Contains a litile iron (5 to 15 per 
cent FeO, rarely more). 2®" Conipare Hot- 
tonoUie (p. 269). 

CHRYSOLITE. 

((Peridot.) 

(Mg,Fe:>->i 04 . 

Olive- to 
grayish-green, 
b row’ll. 

Vitreous. 

C. Pinacoidal. 
F. Uneven. 

6.5-7 

3.27- 

3.87 

Orthorh. 
Page 204. 

Give a little water when intensely ignited in a 

Pi'olectite. 

Mg[Mi]:(F.()lI|].SiO,. 

Brownisli-gray 


F. Uneven. 



Monod. 


Mg:.[Mg(F,C)lI)].(Si04).. 

Brownish- I'ed, 

Vitreous. 

C Basal. 

6-6.5 

3 15- 

Monod. 

closed tube. Genera,lly give rea,ctions for 
fluorine tp. 76, §2) and iron. These clo.sely 
related minerals must be; distinguislied by 

Chondrodife. 

y(‘ll()W, wliite 

F. Uneven. 

3.25 





1 luiuitc. 


Brownish- r(Ml, 
yellow, while. 

Vitreous. 

0. Jkisal. 

F. Uneven. 

6-6.5 

3.18- 

3.25 

Orth orb. 

^ dilferences in crystallization, or by means of 
‘ a quantitative chemical analysis. 







ljrg,[Mg(F,OH )].i(SiO.),. 

IBrownish-red, 

Vitreous. 1 

0. I5asal. 

6-6.5 

3.18- 

Monod. 

Clinoluimite. 

ycdlow. white,! 

F. Uneven. 

3.25 

;i 

. Crumbles when heated B. B. Yields nnieb 
.| water when heated in a dosed tube. 

Allophane. 

Ai,Bi0..r>n,o. 

Ckdorlc^ss, 
yellow’, green, 
blue. 

1 

Vitreous, ! 

wax-like. ; 

F. Concboidal. 

3 

1.88 

Amorph. 

■1 

rGives little or no water in the dosed tube. 
1 Fus, = 5. 

Gehlenite. 

(CAMg.FelaAl-jSiaOio. 

Grayish-green 
j to brow’u. 

Vitreous, 

resinous. 

F. Uneven, 

5.5-6 

2,9-3.0 

Tetrag. 

lEssentially a ihormm silicate. The water is .sup- 

Thorite. 

ThSiOi, containing water. 

j(3range-ydrw% 

' brown, blju;k. 

liesinous. 

C. IbUsmatic. 

4.5-5 

4.8-5.2 

Tetrag. 

. posed to be tbe result of alteration. 

(Oranj'ite.) 

greasy. 

F. ITneven. 

\ Contains the metals of the cerium group. On in- 



Clove-brown, 

Bull, 

F. S|)lintery, 
uneven. 

5.5 

4.85-4. (I 

Ortborb. 

s tense ignition in the closeti tube gives a litile 
- water hydroxyl). 

Ccrile. 

(biCals. 

Ita & Di iso. w. O. 

gray, red. 

resinous. 

U. mass. 

I Contains the metals of the yttrium g^ymp. 
B. B. swells, cracks apart, and often glow.s. 

Gadolinite. * 

PeBe,Y..Sii.O,„. 

Bluek, 
green i.sli- 

Vitreous, 

F. Concboidal, 
splintery. 

6.5-7 

4.2-4.6 

Monod. 

Gives little or no water in the closed tube. 



1 bluek. brown. 

greasy. 




1 

Gives water in the closed tube. 

IJranophane. 

CaU!,Si,0n.6H,,0. 

iHonc}’-'. lemon- 
1 or St raw'- 
yellow. 

Vitreous, 

silky. 


2-3 

3.8-8.9 

Tridinic, 
U. acic. 








II. MINERALS WITHOUT METALLIC LUSTER 


C.—Infusible or Very Difficultly Fusible. 

Division 4 .—TJccoviposcd by bydrocliloric acid witli tlie ss'pciTcition of sllicct/, but without 

the formation of a jelly. 
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C.—Infusible or Very Difficultly Fusible. 

Division 4.— Dero7np(KS(<l by hydrochloric acid with t]xG separaUoii of silica, but without the formation of a jelly. 

In order to determine that a mineral belongs in this division ircut one or two ivory-spoonfuls of \\\q. finely powdend material in a test-tube with from 3 to 5 cc. of hyurochloric acid and boil until 
less than 1 cc. of acid remains. The behavior during ibis irentincni siiould l)e caretully observed. When the powder is first shaken up with the cold acid the liquid will generally appear niilky^ owing 
to the fine, suspended material; when boiled, however, the liquid l)ecoines translucent, altinnigh the separated silica prevents it from becoming perfectly clear. After a little experience one can usually 
decide from appearances whether the insoluble material is separated silica or the andectmiposed ndnmil; in order to decide definitely, however, proceed as follows : Add a drop of nitric acid in order 
to oxidize any iron that may be present, dilute with 5 cc. of water, boil, and filter, when, if decomposition has taken place, the bases will be in tlie filtrate. Ammonia, added in excess to the solution, 
will precipitate aluminium and iron, which may be filtered oilb In the strongly ammonia(*al filtrate ammonium carbonate and sodium })lu)sphate will precipitate calcium and magnesium, respectively, 
while if other bases are preseut, (sodium, potassium, and lithium excepted) one or the other of the reagents previously mentioned will he very sure to produce a precipitate. For more complete details 
for testing for the bases see p. 110, § 4. There are some minerals which are slowly attacked l)y acids and give, consequently, slight precipitates of the bases when tests are made with ammonia, ammonium 
carbonate, and sodium phosphate ; the minerals in this division, however, are readily (kT07npose(i by acids. 


General Characters. 

Specific Ciiaract(‘rs. Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
BVaeture. 

Hard- Specific 
ness. Gravif-y. 

Crystalii- 

zation. 

Contains coj)p6r. —Gives a glob¬ 
ule of copper when a iiUle 
of the mineral is heated with 
RaitCOa on charcoal. 

In the closed tube darkens and gives wntt-r. 

i 

... .. 1 

Chrysocolla. 

CuSiO,.2H./)? 

Mountain- 
green to 
lurquois-blue. 

Vitreous, 

earthy. 

F, Uneven. 

2-4 

3.0-3.4 

Massive. 
Earl,by. 

Amorph. 

Botryoicl. 

Contains nickel. —Colors the bo¬ 
rax bead in 0. F. violet when 
hot and brown when cold. 

In the closed tube blackens and givc.s water. 

Genthiie. 

(Gurnierite.) 

ILNi.,Mga(Si04)3.4H.0? 

Pale- to deep- 
green. 

Dull to 

resinous. 

F. Uneven. 

3-4 

2.2-2.8 

Contains B. B. becomes 

black and magnetic. 

Give w’ater in the closed tube. The iron is 
mostly/emc (p. 65, §4). 

i li.'^in^critc. 

Uncertain. 

8i, 0. Fe'", . Ha 0. 

Black to 
brown-black. 

Pitch-like, 

vitreous. 

F. Conchoidal. 

3 

2.5-3.0 

Amorph. 


H6Fea(SiO,}:o2HaO? 

Greenish-yel¬ 
low, pistachio- 
green. 

Wax-like. 

F. (’onclioidal, 
splintery. 

2.5-4.5 

1.7-1.9 

Compact. 

Amorph. 

Contain magnesium. —The HCl 
solution, if sulticiently dilute, 
gives no or only a slight pre-| 
cipitate with ammonia and 
jimmonium carbonate,^ hut 
gives an abundant precipitate 
with sodium phosphate (p. 91, 
% 1, Compare GJion^ 

drodite (p. 294). 

Commonly in compact, greenish masses. Borne- 
times fibrous (Chrysotile, Fig. 360, j>. 221) or 
foliated (Marmolite). 

SERPENTINE. 

(<'hrysotile, Ser¬ 
pen riac - iisbestus, 
Marmolite.) 

H4(Mg, FtOaSiaOu. 

Olive to 
bhudvish-grecn. 
yellowish- 
green. white. 

Greasy, 

wax-like. 

F. Uneven, 

splintery. 

2.5-5. 

U.4 

2.5-2.65 

Massive. 
Pseudo- 
morph oils 

{p. 220). 

Somewhat resembles a gum. 

Oeweylife. 

(Uynmite.) 

ILMg4(Si04)3.4Ha0. 

Ni iso. w. iVItr. 

Yellow to 
apple-green. 

Resinous. 

F. Uneven, 
conchoidal. 

3-4 

2.40 

Amorph. 

Compact, with fine earthy texture. Fus. = 5. 

Sepiolite. 

(Meerschaum.) 

RMgaSigOH,. 

White to 
grayish-white. 

Dull. 

F. Uneven. 

2-2.5 

2.0 

Compact. 

Earthy. 

Contain aluminium. —The HCl 
solution gives an abundant 
precipitate with ammonia. 
Distinguished by their physi¬ 
cal properties from the miner¬ 
als in ti;e following section. 

Generally found in trapezohedrons (Fig. lOo, 
p. 171) in lava. Reacts for potas.sium (p. 105, 
g 1, <3). 

LEUCITE. 

KAKSiO:,),. 

Nil iso. \v. K. 

White, gray, 
eolorle.ss. 

Vitreous. 

F. Uneven, 
conchoidal. 

5.5-6 

2.45- 

2.50 

Isometric. 
U. cryst. 

The HCl solution, filtered from the silica, gives 
with hydrochlorplatinic acid a crcam-c'olorcd 
precipitate {cmiwn, p. 58). 

PoUucite. 

HaCs4Al4(BiO.'i)o. 

Colorless, 

white. 

Vitreous. 

P. Conchoidal. 

6.5 

2.98 

Isometric. 
U. mass. 

Contain the rare earth metals. — 
After separation of the silica 
the solution gives the reactions 
descT.^bed on'pp. 65 and 66. 

Color the flame green when fused with the 

Melauocerite, 

Uncertain, 

Si, Ta, B, Ce, La, Di, Y, 
Ca, Na, 11. F. 

Deep-brown to 
black. 

Greasy, 

vitreous. 

F. Conchoidal. 

5-6 

4.13 

Hex. Rh. 

potassium bisulphate and fluorite mixture 
{boron, p. 56, gl). 

Caryocerita. 

Uucortain. 

Si, Til, B. Til. Ce, Lii, 

l>i, Y. Ca, Na. H, P.i 

.. .. ... y ] 

Nut-brown. 

Greasy, 

1 vitreous. 

F, Conchoidal. 

5-6 

4.29 

Hex. Rh. 













(Page 296.) 

11. MINERALS WITHOUT METALLIC LUSTER. 

C.—Infusible or Very DifBlcultly Fusible. 

Division 5. —Not belonging* to the foregoing divisions .—Insoluble m liydvoMoHc acidf 
or only slightly acted upon. 

Sectioji a.—Hardness less than that of glass or a good quality of steel .—Can be scratched 

by a knife .—In part. 
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II MIK'EIALS WITHOUT METALLIC LUSI’ER. 

C*—Infusible or Very DijOGleultly Fusible. 

Division 5.—Not belonging to the foregoing divisions.— inhydrocldork acid, or only slightly acted upon. 
Section < 2 . —Eardnem less than that of glass or a good quality of steel.--Can be seratcljed by a hiife. 


General Characters. 

Specilic Charaoters. 

Name of Species. 

CompoHitioa. 

Color. 

I^uster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Crystalli- 

zatiou. 

Iron Ores. —B.B. in K.F, become 
strongly magneiic. 

Conpiare the difficultly soluble oxides and hy¬ 
droxides of iron on p. 292. 

IRON ORES. 

(See p. 

Oxides and bydroxides of 
iron. 







Structure/(?toiled or micaceous .— 
Folise tough and elastic. 

THE MICAS —Difficultly fiLsible. 

MICAS. 

(I^'or varieties see 
p. esL ) 

Silicates of 

H, K, Mg. Fo & Al. 

White, yellow, 
brown, green, 
black. 

(Jreen of va¬ 
rious shades, 
rarely wdiite. 

" 

Vitreous, 

pearly. 

C. Basal, 
eminent. 

2-8 

2.8-8.0 

Mouoca. 

Structure foliated or micaceous .— 
Foliae tough and flexible, but 
not elastic. Compare Talc, 

heyond. 

On intense ignition B. B. in the closed tube dve 
considerable water. See p. 284. ' ; 

H,Mgi>A1.8i,0... 

Fe iso. vv. Mg it Al. 

Vitreous, 

pearly. 

0. Basal, per. 

2-2.5 

2.65- 

2.75 

Monoci 

Color reddish. —Reacts like the foregoing, buti . 
imparts to the bora.x bead in II. F. a 
cqlor {chromium). 

H8Mg6(Al,Cr)2Si30i 8. 

Garnet to 
peach-blossom- 
red. 

Vitreous, 

pearly. 

C. Basal, per. 

2-2.5 

2.65- 

2.75 

Monoci, 

B. B. becomes black and magnetic. ^Prodiiorite. 

i 

H4o(Fe,Mg)3 3AlMSii30oo? 

Green to 
l)laekish-green 

Vitreous, 

pearly. 

C. Basal, per. 

1-2 

2.78- 

2.95 

Monocl 

Structure foliated or micaceous. 
-r-Folise brittle (Brittle Micas.) 

Distinguished by dillerences in color. 

Seybertite. 

(Clintoiiite.) 

Hs(Mg,Ca)i,Al6Si30i8. 

Keddisli- 
browD, copper- 
red. 

Pearly. 

O. Basal, per. 

P. Uneven. 

4-5 

3.0-3.1 

Monoci. 

Xunthophyllite. 

H,(Mg,Ca)MAI,.Si.O„. 

Light-green. 

Vitreous, 

))early. 

C. Basal, per. 

4-5 

3.0-3.1 

Monoci 

Very soft, and have a greasy 
feel. —Give a little water (5 
per cent) on intense ignition 
in a closed tube. 

([[^” Compare Kaolinite, beyond. 

Ignited, then moistened -with cobalt i‘ttratc and 
again ignited a blue color {alummium )., 

(Jften exfoliate prodigiously when heatcal B. B. ^ 

H,Al,(SiO,).. 

While, apple- 
green, gray, 
brown. 

Pearly. 

0. Basal, per. 

1-2 

3 . 8 - 2.9 

Foliated. 
Cornjwct. 

Does not give the foregoing reaction for alumin- talc. 
ium. !(Steatii(‘, Soapstone.) 

HjMg3(bi03)4. 

Apple-green, 
gray, white. 

Pearly, 

greasy. 

C. Basal, per. 

1 

2.80 

Foliated 
Com pace 

Sulphates.—Give strongly acid 
■water and the odor of sulphur 
dioxide, when intensely heated 
'in a closed glass tube. 

Ignited, then moistened with cobalt nitrate and 
again ignited, assume a hhie color {alf/mmiu7H). 
Alucite must be heated nearly to redness be¬ 
fore it gives water. Lowdgite parts witli .some 
of its water at a low temperature. 

Aiunite. 

(E,Na)(A 1 . 20 H) 3 (S 04 ) 3 . 

White, gray. 

Vitreous. 

C. Basal. 

P. Uneven. 

8.5-4 

2,88 

Hex. Rh 

U. tabuL 

I>(jwigite. 

K(1L20H)3(S04),.UHA). 

Straw-yellow. 

Vitreous. 

P. Conclioidal. 

3-4 

3.58 

Massive. 

* « -w 0) ' 

o 

OjH-l 

iz 3 o P 

tH r 

a 

a .S c5 2 

Contain the rare-earth Decompose an ivt)ry-spo()nful of the 

finely powdered mineral by heating in a test-tube witli from 4 to 6 
drops of concentrated HuS 04 . After cooling, diluie witlj 10 cc. of 
water, filter if necessary, and add ammonium oxalate, when a pre¬ 
cipitate of the rare-earth metals will be formed (pp. (15 and 00 ). 

MonazHe. 

(Ce,La,Di)P 04 , often with 
ThSiO*. 

Yellowish- to 
reddish-brown. 

Resinous. 

Parting basal. 
F. Uneven. 

5-5.5 

5.2-5.3 

Monoci 

Xenofime, 

YPO 4 . 

Ce&Kr iso, w. Y. 

Yellowish- to 
reddish-brown 

Resinous, 

vitreous. 

C. Prism., per. 
P. Uneven. 

4-5 

4.55-5.1 

Tetrag. 

Contain cceZawm.—Decompose by fusion with NnAX);!, as <lirc‘cle<i 
on p. 110, §4, and dissolve in HCl or HNOs. Add ammonia to 
the solution until a precipitate forms, then HCl, a drop at a time, 
until the liquid becomes clear, dilute to a volume of 10 ee. and 
add ammonium oxalate, which will precipitate calcium oxalate (p. 
60, § 6 ). Svanbergite reacts for a sulphate (p. 122 , § 1 ). 

I’avistockite. 

Ca,Al,(OH).(PO,),. 

White. ; 

Pearly. 




Acicular. 

lose by fu 
0, § 4, the 
u by addi 
tybdate (] 
flame will 
(p. 103, § 

Goyazite. 

Ca,Alu.P.O„.9II,0. 

Y^ellowish- 

white. 


C. Basal. 

5 

3.26 

Hexag. or 
tetrag. 

Svanbergite. 

Uncertain. 

(S 04 ),(PO,),Al,Ca.II.,O. 

Yellow,brown, 
ro.se-red. 

Vitreous, 

0, Basal, pier. 

6 

3 . 3 - 8.5 

Hex. Rh. 

Phosphates. —Decom 
as directed on p. 11 
and test the solutic 
to ammonium mo 
pale bluish-green 
dicate a phosphate 

Contain aluminium.—Ignited, then moistened with cobalt nitrate 

Wavellite. 

(A1.0H),(PO.),.6n,O. 

F iso. w. OH. 

WT>it<r,yeil<)w, 
green, br(/wn. 

Vitreous, 

pearly. 

O. Pinacoidai. 

P. Uneven. 

3-4 

2.33 

Orthorh. 

and again ignited, assume a hhie color. Wavellite Is usually in 
radiated, hemispherical or globular aggregates. 

Compare the phosphates on p. 298, some of which are un¬ 
doubtedly difficultly soluble or insoluble in HCl. 

Augelite. 

Al,(0H).PO,. 

ColorKjss, 

I white. 

Vitreous, 

pearly. 

Cl Prism., per. 
F, Uneven. 

4.5-5 

3.70 

Monoci, 

Variscite. 

AlPO,.3HaO. 

! Colorless, 

1 apple- to 
lemeraki-green. 

Vitreous. 


4 

2.4 

Orthorh. 
U. mass. 

Color blue. B. B. swells, loses its color and falls to pieces. 

Lazultie. 

f%Te)(A1.0H),<PO,)j. |Aznre-Wue. 

Vitreous. 

O. Prismatic. 

P. Uneven. 

5-5.5 

3.05-3.1 

Monoci. 


_ ^ . ’^Amesite, Peii.ninite, Corundophilite and other foliated Sfi^erals of the cWoHte .group are here Included. 

iJivrsioN 0 . Continued on next page. 
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by a knife .—Continued. 
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General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Crystalli¬ 

zation. 

Contain fluorine and water.— 
When intensely heated in a 
closed glass tube yield acid 
water, and vapors which cor¬ 
rode the glass (p. 77, § 5). 

Crystallizes in octahedrons. 

Ealstonite. 

(Na„Mg)F,.3Al(F,OH),. 

2H,0. 

White to straw- 
yellow. 

Vitreous. 

F. Uneven. 

4.5 

2,58 

Isometric. 

Crystallizes in pyramids. 

Fluellite. 

AlFa.HjO. 

Colorless, 

white. 

Vitreous. 

F. Uneven. 

3 

2.17 

Orth orb. 

B. B. whitens and shows slight indication of 
fusion. Gives with turmeric-paper a faint 
alkaline reaction. 

Prosopite. 

Ca(F,OH),.2Al(F,OH),. 

Colorless, 
white, gray. 

Vitreous. 

C. Prismatic. 

F. Uneven. 

4.5 

2.89 

Monocl. 

Contain and hut little or 

no water .—Give a deposit of 
silica when fused with potas¬ 
sium bisulphate in a closed 
tube of 6 mm. internal diam¬ 
eter (p. 76, § 2). 

Heat the finely powdered mineral in a test-tube 
with from 4-6 drops of coru'entrated R.jSO^. 
After cooling, add 10 ec. of w’nter and test for 
the rare-earth meirds with ammonium o.xalate 
(p. 65). Basindsite eliervesces slightly with 
HCl. 

Tyson it e. 

(Ce,L!i,Di)F,. 

Wax-yellow to 
reddish-brown. 

Vitreous, 

resinous. 

C. Basal, per. 

F. Uneven. 

4.5-5 

6.13 

Hexag. 

Itastnlisite. 

(RF)CO,. 

E = Ce, La & Di. 

Wax-yellow^ to 
reddish-brown. 

Vitreous, 

greasy. 

F. Conchoidal. 

4-4.5 

4.9-5.2 

Massive. 

Contain aluminium.—Assume a 
blue color when moistened 
with cobalt nitrate and ignited 
B B., but do nor, give the re¬ 
actions of the preceding divi¬ 
sions. 

Gives little or no water in the closed tube, while 
the others give water. 

CYANITE. 

(Distiu^ne.) 

AlaSiOt. 

Blue, green, 
gray <>r white. 

Vitreous, 

pearly. 

C. Pinacoidal, 
perfect. 

5-7 

(p. 302.) 

3.56 

-3.66 

Triclinic. 
Page 217. 

Generally clay-like, compact or mealy. Give.s 
a skeleton of silica iu the salt of phosphorus 
bend (p. 112, g 5). 

KAOUNITE.* 
(Porcelain Clay.) 

IRAlaSiaOy. 

White. 

Pearly, dull. 

C. Basal, per. 

F. Earthy. 

2-2.5 

2 .6-2.68 

Monocl. 

Wholly soluble in the suit of plnsphonis bead 
{absence of silica). Hydrnrgillite occurs gen¬ 
erally as an incrustation or stalactitic, rarely 
crystallized; Bauxite generally in rounded or 
concretionary grains. 

Hydrargillite. 

(Gibb.site.) 

A1(0H)3. 

White. 

Pearly, 
vitreous, dull. 

C. Basal. 

2.5-3.5 

2.3-2.4 

Monocl. 

Bauxite. 

(Ahuninium Ore.) 

AlaO(OH)4. 

White, gray, 
yellow, red. 

Dull, earthy. 



2.65 

Massive. 

Clay-like. 

Contains nickel .—Imparts to the 
borax bead in 0. F. a violet 
color when hot, brown when 
cold. 

In the closed tube blackens and gives water (sec 
p. 295). 

Genthite. 

((itwnierite.) 

H.Ni,Mg,(Si0,),.4H,0? 

Pale- to deep- 
green. 

Dull to 

resinous. 

F. Uneven. 

1 

3-4 

2 .2-2.8 

Amorph. 

Botryoid. 

Contain antimony .—Give glob¬ 
ules of the metaland a coating 
of its oxide when heated in 
R. F. with NaaCOs on char¬ 
coal. 

Compare Lewisite^ Manze- 
Hite and other antimony min¬ 
erals on p. 263, and Aiopitey p. 
298. 

Gives water in the closed tube. 

Stibiconite. 

Sba04.Ha0. 

Pale yellow to 
yellowish- 
wdiite. 

Pearly, 

earthy. 


4-4.5 

5.1-5.3 

Massive. 

Compact. 

Occurs in acicular crystals and as an incrusta- 
lion. 

Cervantita. 

Sha04» 

Wliite to 
yellow. 

Greasy, 

pearly. 


4-5 

4.08 

Orthorh.? 

Acicular. 

Becomes magnetic after heating B. B. 

Tripuhyite. 

FeaSbaO,? 

Greenish- 

yellow. 

Resinous. 



5.82 

Massive. 

Characterized by containing tantalum, p. 123. 

Stibiotantalite. 

Sb(Ta,Hb)04. 

Pal e-red dish- 
to greenish- 
yellow. 

Adamantine. 

Conchoidal. 

5 

6.5-7.4 

Orthorh.? 

Contains —Test as directed 

on p. 131 (Fig. 49). 

Rather slowly acted upon by hot HOI, with 
evolution of hydrogen sulphide. 

SPHALERITE. 

See p, 

ZnS. 

Fe ami rarely Cd iso, w. Zn. 

Brown, yellow* 
green, white. 

Resinotis, 

adamantine. 

C. Dodecahe¬ 
dral, perfect. 

3.5-4 

4.10 

Isom. Tet. 
Page 175. 

Contain titanium .—Fused wit!) 
borax, then dissolved in HCl 
and boiled with tin, the solu¬ 
tion becomes violet (p. 127, 

Compare PyrocUore, next 
page. 

When fused with the bisulphate of potash and 
fluorite mixture, momentarily colors the flame 
green (boron, p. 56, ^1). 

Warwickite, 

(Mg,Fa)4TiBaOul 

Hair-brown, 

dull-black. 

Vitreous, dull. 

C. Pinac., per. 
F. Uneven. 

8-4 

3.86 

Orthorh. 

After precipitating titanium from the HCl solu¬ 
tion with ammonia and Altering, the flltrute 
will react for calcium with ammonium oxalate. 

Perovfikite. Sea 
dysanalytt, p. 257. 

CiiTiO,. 

Yellow, 
orange, brown, 
black. 

Adamantine. 

C. Cubic. 

F. Uneven. 

5.5 

4.08 

Isometric. 

Turmeric-paper assumes an orange color when 
placed in the HCl sohition {zirconium, p. 133). 

Zirkelita. 

(Ca,Fe,UO,)(Zr,Ti),Ov 

Black. 

Resinous. 

F. Conchoidal. 

5 

4.71 

Isometric. 


* Halloysite, Newtonite, Cimolite, Montraorillinite, Collyrite and Sohrdtterite are closely related KaoUndike minerals, with varying proportions of water, and, In some cases, of uncertain chemical composition. 
Division 5, Section a .—Concluded on next page. ' 
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General Characters. 

Specific Characters. 

Name of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

Crystalli¬ 

zation. 

lieave an imoluble skeleton of 
silica when the finely puher- 
ized minerals are fused B. B. 
in the salt of phosphorus bead 

(p. 113, §5). 

Imparts a green color to the salt of phosphorus 
bead (chromium). 

UvarovNe. 

(Calcium-chromium ' 
(tariiet.) 

Ca8Cra(Si04)8- 
Al iso. w. Cr. 

Emerald-green 

Vitreous. 

P. Conchoidal. 

7.5 

8.4-3.5 

Isometric. 
Piff. 97. 

B. B. turns black. Reacts for sulphur (p. 133, 
§2). 

Melaiiophlogite. < 

Uncertain. 

SiOa with SOs and H*0. 

Colorless to 
light-brown. 

Vitreous. 


6.5-7 

2.02 

Isometric, 

Cubes. 

Gives strongly acid water in the closed tube. 
Assumes a blue color when ignited with cobalt 
nitrate (aluminium). 

Zuuyite. 

[A1.2(OH,P,Cl)]<,Al, 

(SiO.)., 

Colorless, 
white, gray. 

Vitreous. 

_ 

F. Uneven. 

7 

2.88 

Isom. Tetr 
Tetrahe- 
drous. 

Oives globules of tin when fused 
B. B. on charcoal with 
NaaCOs and charcoal powder 
(p. 125, §1). 

The high specific gravity is noticeable. 

Compare Nordenskidldine, beyond. 

CASSITERITE. 

(Tin Stone.) 

SnO,. 

Brown to 
black. 

Rarely yellow 
or white. 

Adamantine. 

F. Uneven. 

6-7 

6.8-7.1 

Tetrng. 
Page 180. 

Fused with KaaCOg, then dis¬ 
solved in HCl and boiled with 
tin, the solution assumes a 
violet color (titanium, p. 127, 
§ 3). Eutile, octahedrite, 

and brookite (p. 300) furnish 
an interesting illustration of 
trimorphism. 

Usually in prismatic crystals, often very slender 
and twinned. 

RUTILE. 

TiO,. 

Yellow, 
reddish-brown 
to black. 

Adamantine. 

C. Prismatic. 

F. Uneven. 

6-6.5 

4.18- 

4.25 

Tetrag. 
Page 181. 

Distinguished from the foregoing by the habit 
of its crystals and by its dillerent physical 
properties. 

Oefahedrite. 

(Anatase.) 

TiO*. 

Yellow, 
brown, blue, 
black. 

Adamantine. 

C. Basal and 
pyramidal. 

F. Conchoidal. 

5.5-6 

3.8-3.95 

Tetrag. 
Page 181. 

Fuse B. B. in a NaaCOs bead 
and dissolve in 1 cc. HCl and! 
1 cc. of W'ater, A turmeric- 
paper placed in this solution 
assumes an orange color {zir¬ 
conium ^ p. 133). 

A small fragment when intensely heated B. B. 
glows and emits a white light. 

Compare Baddeleyite (p." 302). 

ZIRCON. 

(Hyacinth.) 

i 

ZrSiO*. 

Colorless, 
gray, green, 
brown, red. 

Adamantine. 

C. Prismatic. 

F. Conchoidal. 

7.5 

4.68 

Tetrag. 
Page 180. 

Fused B. B. with borax, then 
dissolved in HOI and boiled 
with tin, the solution assumes 
a blue color {nioMim, p. 91i, 

§1). 

Fergusonite is essentially a uiohate of yttrium, 
and sipylite a niohate of erbium. 

Compare the niobateH (p. 300). 

Fergutonife. 

(Y,Er,Ce)( 3 Srb,Ta) 04 . 

Brownisli- 

black. 

Resinous, 

pitch-like. 

F. Uneven. 

5.5-6 

4.3-5.8 

Tetrag. 
C1.20,p.219„ 
U. mass. 

Sipylim. 

(Er,Ce,rADi,H,)NbO.? 

Brownish- 

black. 

Resinous. 

F. Uneven. 

6 

4.9 

Tetrag. 

U. mass. 

Characterized by extreme hard¬ 
ness.—The transparent, col¬ 
ored varieties are highly prized 
as gem materials. 

The fi^iely pulverized mineral when made into a 
paste witli cobalt nitrate and intensely heated 
B. B. on charcoal a blue color (atonw- 

ium). 

CORUNDUM. 
(SapphiiM' wheii 

Euljy when 
red, Emery.) 

AUO,. 

While, gray, 
yellow, lirown, 
green, blue, 
|)ink, red. 

Adamantine, 

vitreous. 

Parting basal 
and rliombo- 
liedral. 

F. Uneven. 

9 

3.95-4.1 

Hex. Eh. 
Page 194. 

B. unaltered. Yields a clear 
glass when the finely pulmrked 
mineral is mixed with an equal 
volume of l^aaCOs (rather less 
ISTaaOOs than more), and a 
little of this mixture is fused 
B. B. in a small loop on plat¬ 
inum wire.—G-ive no reac¬ 
tions for the bases when tested 
as directed on p. 110, § 4 . 

Compare Ghalcedony and 
Opal (p. 302). 

, Crystallized generally in hexagonal prisms, ter- 
, minated by rhombohedrous (p. 107). 

Amethyst is violet. Agate is compact, (douded, 
banded, and variously colored. Jasper is 
colored red or brown by hematite or limonite. 
Chert and Flint are compact, and vary in color 
from white or gray to black. 

QUARTZ. 

(ROih" Crystal, 
Amethyst, Agate 
,lasper, Chert, 
Flint.) 

SiOa. 

Colorless, 
wiiite, smoky. 
IVaiiniisly 
colored when 
impure. 

Vitreous, 

greasy. 

C. Rbombo- 
liedral, in 
traces. 

F. Conchoidal. 

7 

2.65- 

2,66 

Hex. Eh. 
Page 197. 

Crystals are generally thin hexagonal plates, 
often twinned. 

Tridymite. 

SlOa. 

White, 

colorless. 

Vitreous. 

F. Conchoidal. 

7 

2.38- 

2.33 

Hexag. 

Tabular. 


Biyision 5, Section h .—Continued on next page. 
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General Characters. 

Sptjcihc C Iharacters. 

Nfune of Species. 

Composition. 

Color. 

Luster. 

Cleavage and 
Fracture. 

Hard¬ 

ness. 

Specific 

Gravity. 

CrvstaMi- 

zation. 

B. B. unaltered. Does not give 
a clear glass 'with Na 2 C 03 , 
'when treated as directed in 
the foregoing paragraph. 

Reacts for beryllium (p. 53, §<), 

Phenacite. 

BeaSiO*. 

White, 

colorless. 

Vitreous, 

C. Prismatic. 
F. Conchoidal. 

7,5-8 

2.96 

Hex. Rh, 
Page 196. 

B. B. become milk-'white, and at 
a high temperature show indi¬ 
cations of fusion. Fus. = 5-6. 

Tourmaline exhibits pyroelec¬ 
tricity (p, 231). 

Momentarily colors the blowpipe flame gn'.en 
{boron), 'when heated on platinum wire with 
the potassium bisulpbate aiui fluorite mixture 
(p. 56, § 1). 

TOURMALINE. 

(A«rhrQjt e when cot 
uiiess. Indicohte 
when hhu‘, Rubel* 
ljt(' wlicii red.) 

R'a replaced l)y 

Al, Fe'\ Mg. IMn, Oa, Na, 

K, Li and U. F ist>. w. OIL 

Color]e.s.s, 
green, blue, 
pink, red. 

Vitreous, 

F. Conchoidal, 
Uneveu. 

7-7.5 

3.0-3.1 

Hex. Rh, 
Hemisnoi*. 
Page 195. 

In the closed tube at a red heat unchanged, but 
on intense ignition B. B. whitens and yields 
about 2 per cent of water. 

BERYL. 

(A<puimarine when 
puK? {^j-een, Emer¬ 
ald when brijjht 
f;reen.} 

Approximately 

Be^AluiSiODo-iHaO. 

Green, yellow, 
blue, pink, 
ct)lorless. 

Vitreous. 

F. Conchoidal, 
Uneven. 

7-7.5 

2.7-2.75 

Hexag. 
Page 188. 

B. B. give a green flame (boron). 

Gives globules of tin when fused M. 15. on char¬ 
coal w'ith NaaOOg and charcoal powder (p. 
125, 8 1). 

Nordenskitildine. 

CuSn(B03)2. 

Sulphur- to 
lemon-yellow. 

Pearly, 

vitreous. 

C. Basal, per. 
F. Conchoidal. 

5.5-6 

4.20 

Hex. Rh. 
Tabular. 

Assumes a blue color when ignited with cobalt 
nitrate {aluminium). 

Jercinejevite. 

AlBOa. 

Colorle.ss to 
pale yellow. 

Vitreous. 

F. Uneven. 

6.5 

3.28 

Hexag. 

Prism. 

Nidbaies .—Fused with borax, 
then dissolved in HCl and 
boiled with tin, the solution 
assumes at first a violet color 
(tiianium), which changes on 
continued boiling to blue {ni¬ 
obium, p. 99, § 1). 

Compare the Wiobates, pp. 
254, 257, 298 and 299. 

Distinguished with difliculty, and often only by 
studying the habit and angles of the crystals. 
Characterized by their dark color, rcsinou.s 
(pitch-like) luster and high specific gravity. 

.TC.sohyriite. 

Uncertain. 

Nb, Ti. Th, Ce, La, Ca, 
Fe, O. 

Brownish- 
black to black. 

Resinous. 

P. Uneven, 
Conchoidal. 

6 

4.95- 

5.15 

Orthorh. 

Euxenite. 

Uncertain. 

Nb,Ti, Y,Er,Ce,U,Fe,lLO. 

Brownish- 
bla(*k to l)lack. 

Resinous. 

P. Uneven, 
Conchoidal. 

6.5 

4.6-5.0 

Orthorh. 

U. mass. 

Polycrane. 

Uncertain. 

Nb, Ti, Y, Er, Ce, U,Fe, H, 0. 

Browiiish- 
i black to black. 

Resinous. 

F. Conchoidal. 

6 

4.95- 

5.05 

Orthorh. 

Reacts for titanium, but not 
for niobium when tested as 
above. 

Usually in tabular crystals. 

Compare Rutile and Octahedrite (p. 299). 

Brookife. 

TiO,. 

Hair-brown to 
black. 

Adamantine. 

F, Uneven. 

6 

40-4.08 

Orthorh, 

Usually has a blue color, but by 
transmitted light appears 
almost white when viewed in 
certain directions. 

In the closed tube at a red heat unchanged, hut 
on intense ignition B. B. yields about 11 per 
cent of water. 

lOLITE. 

(Cordierite.) 

Ht(Mg,F©)4AUSiitOit- 

Light or dark 
blue. 

Seldom 

colorless. 

Vitreous. 

C. Pinacoidal. 
F. Conchoidal. 

7-7.5 

2.61 

Orthorh. 

In prismatic crystals, common¬ 
ly twinned (p. 205). Often 
very impure. 

In the closed tube at a red heat unchanged, but 
on intense ignition B. B. yields about 2 per 
cent of water. 

STAUROLITE. 

(A10),(A1.0H)Fe(SiO.),. 

Fe iso. w. Al; Mr Ibo. w. Fa. 

Red-brown to 
brownish- 
black. 

Resinous, 

vitreous. 

C. Pinacoidal. 
P. Uneven. 

7-7.5 

3.76- 

3.78 

Orthorh. 
Page 205. 

Reacts for boron (p. 56, § 2). 

Gives water in the closed tube. 

Hambergite. 

Be(Be.OU)BO,. 

Grayish* white. 

Vitreous. 

C. Piiiac., per. 

7.5 

2.35 

Orthorh. 

Gives a reaction toi fluorine when 
heated in a bulb tube with 
sodium metaphosphate (p. 76, 
§S). 

The pulverized mineral when moistened with 
cobalt nitrate and intensely heated B, B. on 
charcoal assumes a blue color {aluminium). 

TOPAZ. 

(AlP).SiO.. 

OHiso.w.F, 

Colorless, 
yellow, plnlfe 
bluish, 
greenish. 

Vitreous. 

C. Basal, per. 
P. Uneven. 

^8' 

i a62- 
3.67 

Orthorh. 
Page 204. 


Diyision 5, Section h .—Continued on next page. 
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C.*—Infiisiblo or Very Difficultly Fusible. 
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General Characters. 

Specific CharacterK. 

Kam<‘ of .Sp«*cies, 

Composition. 

Color. 

Luster. 

Cleavage and 
B'ractura. 

Hard¬ 

ness. 

Specific 

Gravity. 

Crystalli¬ 

zation. 

Become black when heated B. B., 
and fuse when in very fine 
splinters, Fus. = 6. 

Distinguished by di^^e^e^(^ea in cleavage.-An- 
thophyllite occurs usually in slender prisms 
and is often fibrous. 

Anthophyllite. 1 

(.‘VsbostuK ill part.) 

[Mg,Fe)SiOs. 

Ha iso. w. Mg. 

Gray, clove- 
brown, green. 

Vitreous, 

pearly. 

0. Prism., par. 
Angles 54" & 
126°. 

5.5-6 

a 10 

Orlborb. 

ENSTATITE. 
(Bronxito.) ^ 

(Mg,Fe)Si03. 

Grtiy, brown, 
green. 

Pearly, 

bronze-like. 

C. Prismaiic. 
Angles 88° & 

5.5-6.5 

3.2-a3 

Orthorh. 

Becomes slightly magnetic after beating B. 15. 

Hypersthen*. i 

(Mg,Pe)SiO.. 

15 row uifau- 
greeii to 

grcenish-l)lat;k 

Pearly. 

C. Piiuic., per. 
F. Splintery. 

5-6 

a 3-3. 5 ; 

'Orthorh. 

Characterized by the absence of 
silica. — The finely potcdered 
minerals are wholly soluble in 
the salt of phosphorus bead 
(p. 112, § 5), and when made 
into a paste with cobalt nitrate 
and intensely ignited B. B, on 
charcoal, assume a blue color 
{aluminium). 

Characterized by extreme hardness. Frecpumtly 
occurs in twin crystals. Alexandrite is a 
variety which appears green by day, and red 
by lamplight. 

Chry«oberyf. 

(Aifxaiidnte.) 

BeAliO,. 

Yellowisli-, 
aspanigus- to 
emerald-green 

VitreouSu 

0. Prismatic. 

F. Uneven, 
conchoidal. 

8.5 

a65-a8 

Orthorh. 

Gives water in the closed tube. 

Diatpore. 

AIO(OH). 

White, gray, 
yellowish, 
greenish. 

Pearly, 

vitreous. 

C. Pinac., per. 
F. Conchoidal. 

6.5-7 

3.35- 

a45 

Orthorh. 

Silicates .—The finely powdered 
minerals are decomposed when 
fused in the salt of phosphorus 
head, leaving a skeleton of 
silica (p. 112, g 5).—When 
made into a paste with cobalt 
nitrate and intensely ignited 
B. B. on charcoal, assume a 
blue color {aluminium). 

Compare Cyanite (p. 302). 

In the closed tube at a red heat unchanged, but 
on intense ignition B. B. whitens find gives 
water. The color given by cobalt nitrate is 
more of a lavender than blue. 

Bertraiidite. 

Bea(Bf.OH),Si,0,. 

Colorless, 
white, yellow. 

Pearly, 

vitreous. 

C. Prismatic, 
basal, iiiul 
I)inac., per. 

6-7 

2.59- 

2.60 

Orthorh. 
Hem ini or. 

Occurs in fibrous or columnar aggregates. Cou-i 
tains magnesium (p. 110, §4)." 

Kornerupine. 

(Brisniatine.) 

Mg(A10)aSi0*. 

F« iso. w. Mg. 

White to yel¬ 
lowish-brown. 

Vitreous. 

C. Prismatic. 

6„5 

3.27- 

a34 

Orthorh. 

Occurs usually ill stout,nearly rectangular jirisins, 
with carbonaceous impurities disposed })arfdlel 
to the axial directions of the crystals (C’hiaBto- 
lite). Often impure from partial alterjition. 

1 

ANDALUSITE. 

(Ohiastolite.) 

AbSiO*. 

Flesh-red, red¬ 
dish-brown, 
olive-green. 

Vitreous. 

C. Prismatic. 
F. Uneven. 

7.5 

3.16- 

3.20 

Orthorh. 

Commonly fibrous, or in long slender crystals. 

SILUMANITE, 

(FibroUte.) 

AbSiO*. 

Hair-brown, 
gray, gray¬ 
ish green. 

Vitreous. 

C. Pinac., per. 
F. Uneven. 

6-7 

3.23“ 
3.24 

Orthorh. 

Whitens when heated in the closed tube. Gives 
the reaction for boron with turmeric-paper (p. 
56, §2). 

Diiinortierite. 

(A10),Al,{SiO.),? 

B iso. w. Al. 

Dee})-blue. 

Vitreous. 

C. Pinacoidal. 
F. Uneven. 

7. 

3.26- 

3.36 

Orthorh. 

B. B. cracks, whitens and fuses 
at 5| to a white enamel. 

In the closed tube at a red heat unchanged, hut 
on intense ignition B. B. whitens and yields 
6 per cent of water. 

Kuclase. 

Be(A1.0H)Si0.. 

Colorless to 
}')ale green. 

Pearly, 

vitreous. 

C. Pinac,, per. 
F. Couchoidal. 

7.5 

3.05-3.1 

Monocl. 

Grives a reaction for magnesium 
(p. no. g4). 

Usually in disseminated 

Sapphiria©. 

Mg8Ab9Bi90»7. 

Pale blue or 
green. 

Vitreous. 

F. Uneven. 

7.5 

3.42- 

a48 

Monocl. 

In the closed tube at a high tem¬ 
perature yields water. May 
become slightly magnetic after 
heating B. B. 

Crystals are usually tabular, with hexagonal out¬ 
line. 

Chloritoid. 

H*(Fe,MgjAbSiOt. 

l>ark gray, 

gre(;u, green¬ 
ish-black. 

Pearly, 

vitreous. 

G. Basal, per. 

6.5 

3.52“ 

3.57 

Monocl. 

Ottrelit©. 

Hs{Fe,Mg,Mn){Al,F6)# GrcBmish-gray, 

S!,0«.l black. 

Vitreous. 

0, Basal., per. 

6-7 

8.26 

Monocl. 


I>ivi6ioiir 5, Section b .—Concluded on next page. 











II. MINERALS WITHOUT METALLIC LUSTER, 

C.—Infusible or Very Difficultly Fusible. 

Division r>.— Insoluble in hydrochloric acid, or only sliglitly acted upon. 

Section b.—Hardness equal to oi- greater than that of glass.—C&n not be scratched by a 

knife. —Concl uded. 



IL MmEEALS WITHOUT METALLIC LUSTEii 
C.—Infusible or Very PifQ.cultly Fusible. 

Division 5. — InmluUe in ?iydrochloTic acid, or only slightly acted upon.—Concluded. 
h-^-Hardims equal U> or grenter than ilm* ofglm.’^Om not be scratched by a krvije. —Concluded. 




General Characters. 

1 

Specific Characters. ; 

...-....— j 

Name of Species. 

Comix>8ition. 

i 

1 C« 'lor. 

Luster. 

1 Cleavap:e and | Hard- 
J^'racuirf. | ness. 

Specific 

Gravity. 

Crystalli- 

aiatioo. 

FuseB. B. in a NaaOOa bead and treat withl cc, MCI and 1 cc. of water. A tur¬ 
meric-paper placed in this solution assumes an orange color (2:^rc£>//4M?n, p. 
Fusible B. B. on the thinnest edges. ! 

Baddeleyite. 

Colorless, 

ZrOa. yellow, brown, 

blatdv. 

Greas^v, 

adamantine. 

C. Basal. 

6.5 

5.5 

jMonocl. 

Characterized by distinct cleav-' 
ages in two directions at 90“^ or 
nearly 90° to one another. j 

Fusibility 5. 

THE FELDSPARS. 
See JL)iv. 6, p, iJS5, 

Silicates of 

A1,K, JSTa <5b Ca. 

! White, gray, 

1 yellow, red. 

Vitreous. 

C. Basal S:> 
Pinacoidah 

6 

1 

)3.55- MonocL 
2.80 Triclinie. 

Usually in bladed crystals.— 
Kea(iily scratched by steel in 
the direction parallel to tlie 
cleavage, but harder than stuel 
at right angles to the cleavage.: 

Assumes a blue color when moistened with 
cobalt nitrate and ignited (aluminium). 

CYANITE. 

(Disihtin©,) 

A1.8iO.. 

Blue. At times 
white, gray, 
or green. 

Vitreous, 

pearly. 

C. Pinacoidal, 
perfect. 

5-7 

6.56- iTriclinic. 
3.66Fage 217. 

i 

After fusion with NaaCOa and dissolving in HNOa the solution gives the reaction 
for a pho.sphate with ammonium molybdate (p. 102, § 1). 

Turquois, 

(Kallait.) 

jB(A1.2()ir)A>0.. 

(Cu.OID'iso. w. (Al.eOHV. i 

Blue, biuish- 
^ green, green. 

Wax.like. 

F. Uneven. ; 6 

2.6-2.8 'Massive. 

Behave like quartz (page 299) 
when fused with NajCOa on 
platinum wire. 

Anhydrous. — Siructure boiryoidal, stalactitio or 
incrusting. Carnelian i.s red, Chrysoi)rase 
green. 

CHALCEDONY. 
(Carueliau, Ohryso- 
prasc.) 

SiO,. 

White, gray, 
brown, blue, 
red, green. 

Wax-like. 

F. Uneven, j 
splintery. I 

7 

2.6-2.64jMassive. 

Give a little water upon iutense ignition in the 
closed tube. Hyalite is colorless oj>al. 

OPAL. 

(ilyaUte.) 

SiOa with water. 

Colorless, red, ■ 
yellow, green, 
blue, gray. 

Vitreous, ? 

resinous, j' 

?. Conchoidal. 

5.5-6.5 

2.1-2.S |l 

imorph. 
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Acid sulphate of potash, 25 
Adumaniiiui luster, 228 
A.e:nte monnr, 20 
AU'ohol-lninp, 15 
Alunniiium, 42 
Auuuoiua, reagent, 28 
Auiiuunium, 42 
Auunoniuui carbonate, 29 

-hydroxide, 28 

—— uudybdate, 29 
w— oxahite, 30 

-sidphide, 29 

-sulphoc.yaimte, 30 

Amorphous structure, 221 
Antimony, 43 
Anvil, 20 
Apparatus, 10 
AquJi regia, 28 
ArHoui(\ 47 
Alomie. weight, 5 
Atoms, 3 

Axes, crystallographic, 159 


Balances for speciiic gravity, ^34 
Barium, 52 
Barium chloride, 30 
—- hydroxitic, 28 
Bns(U hmxiigoual system, 187 

-, iuono(!liuic system, '^10 

—, orthorltoiubit^ sysieiu, /wOl 

—, tetragonal systein, 179 

.—triclinic system, 21o 

Bases, 4 

Beakers, 21 

Beam Balance, 285 

Beryllium, 53 

Bismuth, 54 

Blowing, 13 

Blowpipe, 10 

Blowpipti flame, 38 

— lamps, 14 

— tips, 11 
Bone-ash, 20 
Borax, 24 

-, reactions with, 148 

--glass, 25 


Boron, 56 

Botryokhil structure, 222 
Brachy-dome, 201, 215 
Bracliy-innacoid, 201, 215 
Bromine, 57 
Bulb tubes, 18 
Bunsen burner, 13 
--flame, 31 

Cadmium, 57 
Caesium, 58 
Calcium, 58 
Candle-flame, 31 
Carbon, 61 
Carbonates, 62 
Casseroles, 22 
Centimeter scale, 41 
Cerium, 64 
Charcoal, 16 

-, reactions on, 142 

-, uses of, 30 

Cliemical afiinity, 3 
-analyses, 6 

-com posit ion, calculation of, 5 

-— equations, 5 

-- principles, 1 

Chemistry, 3 
Chlorine, reactions of, 67 

-, reagent, 27 

Chromium, 69 
Cleavage, 223 
Clino-domc, 210 
Clino-piiiacoid, 210 
Closed tubes, 18 

-, reactions in, 137 

Cobalt, 71 , 

Cobalt nitrate, reactions with, 146 

-, reagent, 29 

Cohesion, 223 

Color, 228 . . no 

Coliimbium (see Nicobium), 98 
Columnar structure, 221 
Combinations of crystal forms, 166 
Combustion, 31 
Compact structure, 221 
Conchoidal fracture, 225 
Copper, 71 
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Crystal combinations, 166 

-form, 163 

-habit, 165 

Crystallization, 155 
Cube, 170 

Cubic centimeter, 41 


ITexjcitonal syatimi, 184 
HexakistctraluHiron, 175 
Hexoctahed roii, 17i3 
Holders for phiiimini wire, 16 
Holohedral forms, 164 
Hydriodic acid, 28 
Hydrocarbons, 61 
Hydrochloric acid, 27 
Hydrochlorplatinic acid, 28 
Hydrogen, 81 
Hydrogen, sulphide, 27 
Hydroxyl, 81 

Incli scale, 41 
Indices, 161 
Indium, 82 
Iodine, 82 
Iridium, 104 
Iron, 83 

Isometric system, 101) 
Ison.U)rphi.sin, 7 
Ivory si)oon, 21, 41 


Decrepitation, 34 
Definite proportion, law of, 3 
Deltoid dodecahedron, 175 
Diamond mortar, 19 
Didymium, 65 
Dimorphism, 8 
Diploid, 173 
Distorted crystals, 165 
Dodecahedron, 170 
Domes, mouoclinic, 210 

-, orthorhombic, 200 

-, triciinic, 215 

Dropping-bottle, 23 
Dropping-bulb, 23 

Eartby structure, 221 
Elements, 3 
Erbium, 65 

Fibrous structure, 221 
File, 20 
Filtering, 22 
Filter-paper, 21 
Flame coloration, 35 

-, table of, 136 

Flame, nature of, 31 
Fluorine, 75 
Foliated structure, 221 
Forceps, 15 
Fracture, 225 
Fuel, 13 
Funnel, 21 

Fusibility, scale of, 230 
Fusion, 33 

Gadolinium, 65 
Gallium, 78 
Germanium, 78 
Glass tubing, 17 
Globular structure, 222 
Glowing, 231 

Glucinum (see Beryllium), 53 
Gold, 78 

Goniometers, 158 
Granular structure, 221 
Greasy luster, 228 
Gypsum tablets, 17 

Habit of crystals, 165 

Hackly fracture, 225 

Hammer, 20 

Hardness, scale of. 226 

Heavy solutions, 236, 238 

Helium, 80 

Hemihedrism, 164 

Hemimorpbism, 164 

Hexagonal-hombohedral system, 491 


Jolly Balance, 234 

Lamps, 13 
Lamp-stand, 23 
Laiuhamim, 65 
Lead, 87 

Lead, granulated, 26 
Lens, 20 
Lithium, 90 
Lilmus-paper. 25 
Loops, 10 
Luster, 227 

Macro-dome, 201. 215 
Maciro-pinacoid, 201, 215 
iMau’m.'sium, 91 
]\Ingiu*sium ribbon, 26 
Magnet, 20 
Mtdlcable, 226 
Mammillary stimclure, 222 
Manganese, 92 
Massive structure, 221 
Mathematical ratio, law of, 160 
Mercury, 93 
Metallic luster, 227 
Metal scoop, 21 
Micaceous structure, 221 
Mineral kingdom, 1 
Minerals, 1 

-, determination of, 239 

-, tables for determination, 245 etseg 

Molecular weight, 5 
Molcctiles, 3 
Molybdenum, 95 
Monoclinic system, 208 
Mortars, 19 
Mouthpiece, 13 

Neodymium, 65 
Nickel, 96 
Niobium, 98 
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Kitric acid, 38 
Nitrogen, 99 

Nitronydrochloric acid, 38 
Noii-inetallic luster, 338 
Normal forms, 164 

Octahedron, 170 
Oil for fuel, 14 
Oil of vitriol, 38 
Oily luster. 328 
Opeu lubes, 18 

-, table of reactions, 140 

Organic matter, 61 
Ortho-dome, 310 
Ortbo-pinacoi'l. 310 
Ortliorhombic system, 199 
O.smiuni, 104 
Oxidatit)!!, 35 

-, with nitric acid, 120 

Oxide of copper, 36 
Oxidizing tiaine, 36 
Oxygen,"] 00 

Palladium, 104 
Parameter.s, 160 
Parting, 334 
Pearly luster, 338 
Pentagonal dodecahedron, 173 
Phosp li {)rescen (‘c, 331 
Pnos|)horu.s, })hosj)h()ric acid, 101 
Phosphorus salt, 35 

-- table of reactions, 149 

Pinacoids, hexagonal, 187 
momxdinie, 310 
, orthorhombic, 301 
teti'agonal, 179 
tricliiiui, 315 
Pipette, 33 
Platinum, 103 
Platinum chloride, 38 

-loops, 16 

-pointed forceps, 15 

-spoon, 16 

-wire, 16 

Plier.s, 30 

Porcelain crucibles, 33 
--— dishes, 23 
Potassium, 105 

-bisulphaie, 25 

-bisulphate and fluorite, 36 

-ferricyanido, 30 

-ferro(;yani(le. 30 

-hydroxide, 28 

-iodide and sulphur, 26 

-mercuric iodide solution, 336 

— nitrate, 26 

--pyroaulphate, 25 

Praseodymium, 65 
Precipitation, 30 
Prisms, hextigonal, 187 
—, monoclinic, 209 
, orthorhombic, 300 

-, tetragonal, 179 

-, triclinic, 315 


Pseudomorphou-s crystals, 218 
Pyramids, hexagonal, 186 

-, monoclinic. 309 

-, orthorhombic, 300 

-, tetragonal, 177 

-, triclinic, 215 

Pyritohedron, 173 
Pyroelectricity, 231 

Radiated structure, 223 
Rare-earth metals, 65 
Reagents, 34 

-, reactions with, 151 

Reamer, 11 
Reducing flame, 36 
Reduction, 36 
Reuiform structure, 223 
Resinous luster, 228 
Rhodium, 104 
Rhombohedral system, 191 
Rhombohedrons, 191 
Roasting, 39 
Rocks, 2 
Rubidium, 106 
Ruthenium, 104 


Salts, 4 

Samarium, 65 

Scale of iiardncss, 158 

Scalenoliedron, hexagonal, 193 

-, tetragonal, 184 

Scandium. 65 
Scoop. 21 
Selenium. 107 
Separatory funnel, 238 
Silicon, 107 
Silky luster, 228 
Silver, 113 
Silver nitrate, 80 
Sodium, 115 
Sodium carbonate, 24 

-metaphosphate, 25 

-, table of reactionK, 149 

-phosphate, 30 

-tetraborate, 24 

Spatula, 21 
Specific gravity, 232 
Sphenoid, orthorhombic, 308 

-, tetragonal, 183 

Splintery fracture, 325 
Spring Balance, 234 
Sfnlactitic structure, 223 
Streak, streak plates, 238 
Strontium, 116 
Structure of minerals, 321 
Sub-metallic luster, 237 
Sulphates, 122 
Sulphides, 118 
Sulphur, 118 
Sulphuric acid, 28 
Symbols, 3 
Symmetry, 162 

Systems of crystallization, 169, 219 
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Tantalum, 123 
Tellurium, 124 
Tenacity, 226 
Terbium, 65 
Test-paper, 25 
Test-tube, 21 
Test-tube bolder, 21 
Test-tube stand, 21 
Tetragonal system, 177 
Tetrahedron, 175 
Tetrabexabedrou, 172 
Thallium, 125 
Thorium, 65 
Thulium, 65 
Tin, 125 

-, granulated, 26 

Titanium, 127 

Trapezohedrou, hexagonal, 197 

-, Isometric, 171 

Tricliiiic system, 214 
Trisoctabedron, 172 
Tristetrahedron, 175 
TVimorphism, 8 
Truncations, 167 
Tungsten 128 


Turmeric-paper, 25 
Twin crystals, 167 

Unevcm fracture, 225 
Uranium, 129 

Valence, 4 
Vanadium, 130 
Vitreous luster, 228 

Watch-glasses, 21 
Water, reagent, 27 

-, test for, 81 

Water of crystallization, 81 
Wash-bottle, 23 
Wasliing. 22 
Westphal Balance, 236 

Ytterbium, 65 
Yttrium, 05 

Zinc, 130 

-, granulated, 26 

Zirconium, 133 
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Aaiierodite, 254 
Acanthite, 251 
Achroite, 800 
Acniite, 270 
Aeiinolite^ 288 
Adamite, 275 
Adelite, 275 
yEgIrite, 270 
Ailoigmatite, 270 
/Eschynite, 300 
aigalinntolite, 200 
Agate, 21)9 
Agricolite, 262 
Aguilarite, 248 
Aikinite, 251 
Alabaiiditc, 253 
Alabaster, 274 
Albite, 285 
Alexjmdriie, 801 
Algodenite, 240 
AlhuRte, 275, 202 
Allanite, 254, 269, 280 
Alleniontite, 246 
AlkxOHsite, 240 
Allopbaiie, 294 
Aliuaudite, 270 
Altaite, 248 
Alumian, 291 
Ahimiiiite, 291 
Aluminiuiu Ore, 297 
Alunite, 290, 296 
Alunogen, 291 
AUirgite, 284 
Ainalgaiu, 253 
Ainanuitite, 267 
Amblygonite, 283 
AnKJBite, 296 
.litnethyst, 299 
Anunonia Alum, 291 
Amphilude, 288 
Aimlcite, 282 
AiiiataHt‘, 299 
Aiukhisite, 801 
AtH'ieaite, 285 
Andorite, 249 
Aiidradite, 269 


Anglesite, 260 
Anhydrite, 274 
Aukerite, 289 
Annabergite, 267 
Auorthite, 280, 285 
Aiiortlioclase, 285 
Anthopliylliie, 287, 301 
Anliinoiiy, 249 
Antimony Glance, 249 
Apatite, 276, 293 
Aplitiiitalite, 272 
Apjolmite, 291 
Apophyllite, 282 
Aquamarine, 287, 300 
Aragonite, 289 
Ardennite, 286 
Arfvedsonite, 270 
Argcntite, 251 
Argyrodite, 253 
Arsenic, 246 
Arsenioaiderite, 267 
Arsenolite, 258 
Arsenopyrite, 247 
Asbestus, an tliopliy 11 ite, 287, 
301 

-, serpentine, 281, 295 

-, tremolite, 288 

Asbolite, 292 
Asfropliyllite, 269 
Alacnrnite, 263 
Atelestite, 262 
Atopite, 298 
Augelite, 298. 296 
Augite, 288 
Atirichaldte, 290 
Automolite, 298 
Autuuite, 276 
Awavuite. 255 
Axinite, 285 
Azurite, 203 

Babingtonile, 270, 288 
Baddcleyite, 302 
Barite, 274 

Barium Feldspar, 285 
Barrandite, *208 


Barysilite, 262 
Barytocalcite, 289 
Basinitsitc, 297 
Bauxite, 297 
Bayldonile, 260 
Bechilile, 277 
Beegerite, 251 
Beloiiesite, 277 
Bementite, 281 
Beraunite, 268 
Berthierite, 250 
Bertrandite, 301 
Beryl, 287, 300 
Beryllonite, 277 
Berzeliuniie, 247 
Berzeliite, 275 
Beudaniite, 260 
Bieberite, 291 
Bindhcimite, 261 
Biunite, 246 
Biotite, 269, 270, 284 
Bismuth, 253 
Bismuth Glance, 251 
Bismuthiuite, 251 
Bismutite, 262 
Bismutosmaltite, 246 
Bismutospbserite, 262 
Bixbyite, 253 
Black Jack, 252 
Black Lead, 256 
Blende, Zinc Blende, 2®2 
BlOdite, 272 
Blue Vitriol, 264 
Bobierrite, 277 
Bog Iron Ore, 292 
Bog Manganese, 292 
Boleite, 261 
Boracic Acid, 277 
Boracite, 277 
Borax, 273, 277 
Borickite, 268 
Bornite, 252 
Botryogen, 266 
Boulangerite, 249 
Bourn onite, 249 
Boussingaultite, 272 
307 
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Brackebuscliite, 960 
Brandtite, 275 
Bnumiie, 254, 256 
Breitbaxiptite, 250 
Breunuerite, 289, 290 
Brewsterite, 282 
Brochiintite, 264: 

Bromlite, 289 
Bromyrite, 259 
Broil gniurdite, 249 
Bronz’te. 287,801 
Brookite, 800 
Brown Henintite, 266, 292 
Brucite, 290, 298 
Brushit.o, 276 
Biinsenite, 292 

Cabrerite, 267 
Cacoxenite, 268 
Oalaniiue, 278, 294. 
Calaverite, 248 
Calcioforrite, 268 
Calciovolborlhite, 265 
Calcite, 289 
Caledonite, 260 
Callaiuite, 293 
Calomel, 258 
Oancrinite, 278 
Canfieldite, 253 
Cappeleuite, 279 
Caracolite, 260 
Cai-bonado, 298 
Carmiiiite, 260 
Carnallite, 271 
Carnelinn, 302 
Carpliolite, 286 
Carpliosiderite, 267 
Carrol lite, 252 
Caryiuite, 260 
Caryoceriie, 295 
Oassiteiite, 299 
Oastanite, 267 
Cat aplelite, 281 
Celestiie, 274 
Cenosite, 278 
Cerargyrite, 259 
Cerite, 294 
Ceriissite, 259 
Cervantite, 297 
Cbabazlte, 282 
Cbalcaiitbite, 264 
Cbalcedoiij, 302 
Cluilcocito. 252 
Cbalcodite, 269 
Cbalcomenlte, 265 
Cbalcophanite, 256 
Cbalcophyllite, 265 
Cbalcopyrite, 252 
Cbalcosiderite, 265, 268 
Cbalcostibite, 250 
Chenevixite, 264 
Chert, 299 
Cliiastolite,^ SOI 
Cbildreuite, 268 
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ChioHte, 274 
Cbiviatitc, 251 
Chlountliite, 247 
Chlonte, 284, 290 
Chlorito'd. SOI 
Obloropal, 295 
Cboiulrodite, 294 
Chrome Cliiiociilore, 284, 
296 

-GariK't, 209 

-Mien. 284 

Ohroiuie Iron, 256 
Chromile. 256, 298 
Chry.soberyl, SOI 
Ohrysocolbi, 205 
Chrysolite, 294 
Chrysoprase, S()2 
Chrysotile, 281, 205 
Ghurohite, 29S 
Oimolite, 297 
Cinnabar, 258 
Cirroiite, 276, 283 
Claudetite, 258 
Claustbalite, 248 
CUnocblore, 284, 296 
Cli nobed rite, 278 
Olinoclasite, 264 
Clinobumite, 294 
Clinozoisite. 287 
Clint Oldte, 296 
Cobalt Bloom, 267 
Cobaltite, 246 
Oolemanite, 277 
Colloplianite, 276 
Oollyrite, 297 
Coloradoite, 248 
Columbite, 254. 257 
Comptonite, 278 
Coniobalcile, 264 
Conuelliie, 263 
Cookeiie, 284 
Coplapite, 267 
Copper, 253 

-Olaiice, 252 

-Kicked 247 

- Pyrites, 252 

Copperas, 266 
Coquimbite, 266 
Oordierite, 287, 800 
Cornwaldte, 265 
Corimdopbilite, 296 
Corundum, 299 
Coryiute, 247 
CosalUe, 251 
Cotumiiie, 258, 261 
Coveldte, 252 
Crednerite, 256 
Orocidolite, 270 
Crocoite, 261 
Oronstedtite, 269 
Crookesite, 247 
Cryolite, 274 
Cnbanite, 252 
Ciimengite, 261 


Cuprite, 254, 2r>S 
Cuproblsmutite, 251 
Cuprodex’lolziic, 260 
C 11 proi< alargy rii e, 2.5V 
CuprotungsUte, 265 
Cyanite, S62 
Ctjuiux'liroiti*. 264 
('yntnuriohitc. 264 
CyUiulrit<% 249 
Oytunisitip 26>7 

DnhlHte, 296 
Danuliie, 269. 294 
Dauburitc, 285 
Itnrapskite, 212 
Datolile, 27vS 
Daubreclitt*, 262 
Daub recite, 255 
Daw.soniie, 213, 2S9 
I)erbylit^^ 255 
De.seloizite. 2<>6 
Desmine, 282 
I)(‘\veydte, 281, 295 
Diadoebite, 266 
Diallogitc, 290 
Diamoiud ‘298 
DiapboriO?, 249 
Dins pore, SOI 
Diekiusonitti, 276 
Diet rich ite, 291 
Dietzc‘ite, 274 
Dibydriie, 265 
l)iop.Hide, 288 
Dioptase, 294 
DisUiite, 298 
Disilu'ne, S02 
Doleropbanite, 264 
Dolomite, 289 
T)om(‘ykile, 246 
Dry-bom* ()re, 290 
Dufrenile, 268 
Dtifrenoysite, 240 
llumortnu'iie, SOI 
Durangite, 275 
Durdenite, 268 
1 )ysanaly te, 257 
I>y.s(u*uHile, 250 


Kedemite, 260 
Kdinglonite. 278 
Klmoiite, 280 
Klectruttp 253 
.Kl<}o norite, 268 
Embolit(% 259 
Emerald, 287, 300 
Emerald Kicked 290 
Emery, 299 
Emploctile, 251 
Eimrgite, 246 
Eitdlicbite, 260 
Enstatite, 287, SOI 
Eospborile, 276 
Epiboulaiigerito, 249 
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Ei)iai(lymito, 287 
Epicloi^, 287 
EpigeBiie, 246 
Episiilbite, 282 
Epsoraite, Epsom Salt, 27 
Erinite, 265 
Eryihrite, 267 
Ettringite, 274 
Eucaii-ite, 247 
Euchroitc, 205 
Euclase, 288, 301 
Euculite, 279 
Eudinlyie, 270 
Eadiclyinite, 288 
Eulytile, 202 
Euxfiiite, MOO 
Evansite, 293 

Fairlkddite, 270 
Falkeidiayiiite, 250 
Faniatiniie, 250 
Faiijasite, 282 
Fayiilite. 200 
Feather Or(‘, 249 
FeldsiKir, 285 
Felsdhunyiu;, 291 
Fergosooite, 299 
Fen'ountrite, 200 
Fibroferritf, 207 
Fibrolite, 301 
FiUowite, 270 
Fiseherite, 293 
Flinkite, 275 
Flint, 299 
Flutdlite, 207 
Fluocerite, 203 
Fluoriie, 274 
Fluor Spar, 274 
Footeite, 263 
Forbesit<‘, 267 
Forsterirc, 294 
Fowleriio 286 
Fmnckeiie, 249 
Franklinite, 255 
Freibergit(*, 250 
Freicslebenite, 249 
Friedelite, 281 
Fuchsite, 284 

<4ad()linite, 280, 294 
Oahniie, 298 
<'TaleiJ!i, 251 
Galenobismutite, 251 
Uaiionia’ile, 202 
ijranopbylHte, 278 
Garnet,*287 

-Alniandite, 270 

——• Aiulradite, 269 
—— Grossularite, 287 

-Fyrope, 287 

-Spmartittj, 286 

-—- Uv'nrovite, 209 
Garnierito, 295, 297 
Gay-Lussile, 273 


Genrksutite, 274 
Geblenite, 280, 294 
Geikielite, 257 
Geiithite, 295, 297 
2 Geocroiiile, 249 
Gerhardlile, 264 
Gersdorllite, 247 
Gibbaite, 293, 297 
Gismondite, 278 
Glauberite, 274 
Glauber Salt, 272 
Glaucodot, 246 
Glaucophaiie, 288 
Gloekerite, 267 
Guielenite, 282 
Goethile, 266, 292 
Gold. 253 
Goshirite, 291 
Got bite, 206, 292 
Goyazite, 296 
Graphite, 256 
Grtiy Copper, 250 
Gn•enoekite, 292 
Grossularite, 287 
Griiulingite, 248 
Guanajuatile, 248 
Guariiiite, 286 
Guitermanite, 246 
Gum mite, 293 
Gyrnnite, 281, 295 
Gypsum, 274 
Gyrolite, 278 

llaidingerite, 275 
Halite, 271 
Hnlloysite, 297 
Halolrichiie, 266 
llamhergite, 300 
Hamlinite, 283 
Ilauksite, 271 
Harmotome, 282, 286 
Hatchettolite, 298 
Hau(shecornite, 250 
Ihiuerite, 253 
Hausmaniiite, 256 
Hautefeiiillite, 277 
Ihihync, 279 
Ilahyiiite, 279 
Heavy Spar, 274 
Hedenbcrgite. 288 
Heintzite, 277 
Helvite, 279 
Heraafibrite, 275 
Hematite, 255, 292 
Hematolitc, 292 
Bemimorplnlc, 294 
Hercynite, 298 
Herderile, 276. 283 
Herrengrundite, 204 
IlesaiteT 248 
Heulandite, 282 
Iliddenite, 285 
Hhdmito, 257 
lliortdahlite, 280 


Hisiiigerite, 295 
Hoernesiie, 276 
Homilite, 279 
Hopeite, 277 
Horn Silver, 259 
Hornblende, 288 
HortoiK)lite,.269 
Howlite, 285 
Hlibuerite, 283 
Huebnerile, 283 
Humite, 294 
Hureaulite, 276 
Hyacinth, 299 
Hyalite, 302 
Hyalophane, 285 
Hyalotekite, 262 
Hydrargillite, 297 
Hydroboracite, 277 
Hyclrocerussiie. 269 
Hydrocyanite, 264 
Hydrogioberite, 289 
Hydro-hematite, 255, 292 
Hydro-herderite, 276, 283 
Hydromngnesite, 2S9 
Hydronephelite, 278 
Hydrophilite, 271 
Hydrotalcite, 293 
H^nirozincite, 290 
Hyperslhene, 270, 301 

Idocrase, 287 
Ihleite, 266 
Ilesite, 291 
Ibnenite, 255, 257 
Ilvaite, 254, 269 
Inesite. 281 
Indicolite, 800 
lodobromite, 259 
lodyrite, 259 
lolite, 287, 300 
Iridium, 257 
Iridosmine, 257 
Iron, 255 

Iron Chrysolite, 269 
Iron Pyrites, 252 
Isoclasite, 276 

Jacobs!te, 255 
Jude, 288 
Jadeite, 268 
Jamesonit(‘, 249 
Jarositc, 266 
Jasiier, 299 
JetTerisite, 281 
JelTersonite, 286 
Jcremejevite, 300 
Johannite, 291 
Jordanite, 246 

Kainile. 271 
Kainosite, 278 
Kaiscriu*, 272 
Kalinite. 272, 290, 291 
Kallaite, 302 
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Kiillilite, 250 
Kam mere rite, 284, 2S 
Kaoliiiite, 297 
Keilhanite, 286 
KeutroUte, 254, 262 
Kermesite, 258 
Kieserite, 272 
Kilbrickenite, 249 
Klaprotholite, 251 
Knebelite, 269 
KQOxvillite, 266 
KobelUte, 249 
Kouiiickite, 268 
Kornerupine, 301 
Kottigite, 275 
Kreiiuerile, 248 
Krohakite, 264 
Kylindrite, 249 

Laangbauiie, 254 
Labradoriie, 285 
Lanarkite, 200 
Langbeioite, 272 
Laiigite, 264 
Lansfordite, 289 
Lapis-Lazuli, 279 
Larkinite, 275 
Laumontite, 278 
Laurionite, 261 . ■ 
Laurite, 257 
Lautarite, 274 
Lautite, 246 
Lawsouite, 287 
Laxmannite, 260 
Laziilite, 296 
Lazurite, 279 
Lead, 253 
Leadbillite, 259 
Lecontile, 272 
Lebrbacbite, 247 
Lepidolite, 284 
Lepidomelaue, 269 
Lettsomite, 264 
Leucite, 295 
Leucocbalcile, 265 
Leucopliunite, 287 
Leucopyrite, 247 
Levynite, 278 
Lewisite, 263 
Libethenite, 265 
Liebigite, 289 
Lievrite, 254, 269 
Lillianite, 251 
Lime Feldspar, 285 
Limestoue, 289 
Limoaite, 206, 292 
Linarite, 260 
Linduckerite, 264 
LiQuaBite, 252 
Liroconitc, 264 
Litbia Mica, 284 
Lithiophilite, 276 
Liviugstonite, 249 
Lbllingite, 247 


LOweitc 272 
LdwigitCj 291, 296 
Longbaiiite, 254 
Loraiiditc, 258 
Losseaite, 260, 267 
Ludlamite, 208 
Ludwigite, 268 
Llineburgite, 277 


Ma'iiiesian-chroniite, 266 
Mufirnesioferrile, 255 
Magnesite, 289, 290 
Magnetic Iron, 253 
Magnetic Pyrites, 252 
Magnetite, 258, 255 
Malachite, 263 
Mallardite, 291 
Manganese Ampiiibole, 286 
—'Epidote, 286 
— Garnet, 286 

-Pyroxene, 286 

Manganitc, 256 
Mangauo-columbite, 298 
Manganosite, 292 
Manganostibiie, 292 
Mangano taiitalite, 298 
Marble, 289 
Marcasite, 252 
Margarite, 284 
Marialite, 287 
Mann elite, 281, 295 
Marshite, 263 
Martiuite, 293 
Mascagnite, 258 
Massi<Jot, 262 
Matildite, 251 
Matlockite, 261 
Mauzeliite, 263 
Mazapilile, 267 
Meerschaum, 281, 295 
Meionite, 283 
Melacoiiite, 254 
Melauite, 280 
Melanocerite, 296 
Melauophlogite, 299 
Melanoaiibian, 255 
Melanotekite, 258, 262 
Melaiiterite, 266 
Melilite, 280 
Meionite, 248 
Mendipite, 261 
Mendozite, 272 
Meneghinite, 249 
Mucurial Totnihedrite, 260 
Murcuvy, 263 
Mesolite, 278 
Metacinnabarite, 253 
Metavoltaite, 266 
Meteoric Iron, 255 
Miargyrite, 250 
Mica, 284 
Microcliue, 285 
Microlite, 298 

Microsommite, 279 . * . 


Miersite, 259 
Milariie, 287 
.Millerite, 252 
Mitucliu*, 2f)<l 
Miutu’vite, 293 
Minium, 262 
Mirabilite, 272 
.MiKenile, 272 
Mispifkel, 247 
^lixitt*. 2r>l 
iVioiyluhnute, 251 
.Mona/.iU', 296 
Moneiitt% 276 
Montaniu?, 262 
iVlontcdjrasiit*, 283 
i^I<mti(*eIHt(\ 280 
Montintuullinite, 297 
Mordenite, 286 
M{>renositt‘, 291 
MusandHtc. 2Hl 
Mos.sit<\ 257 
Muscovite, 284 

Na(U)rite. 261 
Kjtgyagile, 248 
Hnntokile, 2*13 
Mutrolite, 278 
NtUron. 271 
Natrophilite, 270 
Naninannite, 248 
3Sfepin*iitie, 280 
Nephelile, 280 
Nephrite, 288 
Neptunite, 251, 286 
Nes<juclH)!iili\ 289 
New Ionite, 297 
Nic‘eo1it<‘. 247 
Nickel Bloom, 267 
Niter, 273 
Nit ro bn rite, 273 
Nordcnskiibdine, 300 
Norihnt>tte, 273 
Nosean, Noselite, 279 

Ochrolite, 261 
Octahedrite, 299 
Gllrolite, 286 
Okenite, 278 
Oldlmmite, 290 
Oligoclnse, 285 
OHvenIte, 265 
Olivine, 294 
OnnerOditts 254 
Onofrite, 247 
Opal, 802 
Orangite, 294 
Orpiment, 258 
Orthockso, 285 
Ottrelite, 301 

Facknolll%474 
Palladium, m 
Paragon ite, 284 
Paramel aconite, 264 
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Piirisite, 290 
Pnrtsdiiiiite, 286 
Pi-aeock Orti, 252 
Pearceite, 246 
i'earl Spar, 289 
PtH'toliie, 282 
l^'ganitis 203 
PentkjUUte, 261 
Ptinniiiite, 284, 296 
Penthuidite. 252 
Ptfrcylite, 261 
Pcriclase, 293 
Ikiridot, 294 
Perovskite, 257, 297 
Petalite, 285 
Petzite, 248 
Phacolite, 282 
PhamiacoHtc, 275 
Fliannacosiderite, 267 
Phenacite, 300 
Phinip.yite, 282 
Pldogopite, 284 
Fhoeiiicociiroite, 261 
Phosgenite, 259 
Phospliosiderite, 268 
P1 1 osp 1 1 u raily 1 ite, 276 
Picromerite, 272 
Piedrnontite, 286 
Pinakiolite, 277 
Pinnoite, 277 
Pirssonite, 273 
Pisan ite, 264 
Pitch Blende, 257 
Pitiicite, 267 
Plagimiite, 249 
Platinum, 257 
Platlnente, 254, 262 
Phunbogummite, 260 
PoUanite, 256 
Pollucite, 205 
Polyargyrite, 250 
Pofylljnsite, 250 
Poiycrase. 300 
Polydymite, 252 
Polybalite, 274 
Polymignite, 257 
Porcelain Clay, 207 
Potash Alum, 272, 290, 291 
Potash Mica, 284 
Potash Feldspar, 285 
Powellite, 277 
l>rehnite, 282, 287 
Prismatine, 301 
FrocUiorite, 296 
Prolectitc, 294 
Frosopite, 290, 297 
Prousiite, 259 
Pseudobrookile, 255, 257 
Paeudomalacbite, 265 
Psilomelane, 256 
Psittaeinite, 260 
PtiloHte. 286 
Pucherile, 262 
Pyrargyiite» 250, 259 


Pyrite, 252 
Pyroaurite, 292 
Pyrochlore, 298 
Pyrochroite, 292 
Pyrolusite, 256 
Pyromorphile, 260 
Pyrope, 287 
Pyrophanite, 256 
Pyrophyllite, 296 
Pyrosmalile, x69 
Pyrosiilpnite, 259 
Pyroxene, 288 
Pyrrhotite, 252 

Quartz, 299 
Quenstedtite, 266 

Pnimoiidite, 267 
Bulstonite, 297 
Baminelsbergite, 247 
Unspite, 261 
Healgar, 258 
Reddingite, 276 
Red Zinc Ore, 392 
Reinite, 254 
Remingtonite, 290 
Rezybanyite, 251 
Rhabdophanite, 293 
Rhagite, 262 
Rhodizile, 277 
liiiodochrosite, 290 
Rhodonite, 286 
Ricliterile, 286 
Richeckile, 270 
Rinkile, 280 
Ripidolite, 284, 296 
Rock Crystal, 299 
Roeblingite, 262 
Roepperite, 269 
Romeite, 263 
Romerite, 266 
Roscoelite, 284 
Roseliie, 275 
Riibellite, 800 
Ruby, 299 

-Copper, 263 

-Silver, 259 

-Spinel, 298 

Rutile, 299 

Safliorite, 246 
Sal-ammoniac, 258 
Sal-soda, 271 
Salt, Common, 271 
Salt of Phosphorus, 277 
Samarskite, 254 
Sanidine, 285 
Sapphire, 299 
Sapphiriue, 301 
Sarcolite, 280 
Sartorite, 246 
SassoUte, 277 
ScapoUte, 283, 287 
Schapbachite, 251 


Scheelite, 383, 298 
ScheHerite, 286 
Schirinerite, 251 
Schorlomite, 280 
SchrOtterite, 297 
Scliwartzenbergite, 261 
Schwatzite, 250 
Scolecite, 278 
Scorodite, 267 
Scovillite, 293 
Selen-tellurium, 247 
Sellaite, 283 
Semseyite, 249 
Semirmontite, 258 
Sepiolite, 281, 295 
Serpentine, 281, 395 
Seybertite, 296 
Siderite, 266, 290 
Sideronatrite, 366 
Sillimanite, 301 
Silver, 253 

Silver Tetrahedrite, 250 
Sipylite, i^99 
Skutterudite, 246 
Srnaltile, 246 
Smitlisonite, 290 
Soapstone, 284, 296 
Soda Feldspar, 285 
Soda Mica, 284 
Soda Niter, 273 
Sodalite, 279 
Spadaite, 278 
Spangolite, 263 
Spathic Iron, 366, 290 
Specular Ir()n, 255 
Sperrylite, 247 
Spessartite, 286 
Sphserite, 293 
Spbserocobaltite, 290 
Sphalerite, 252. 292 
Sphene, 283, 286 
Soinel, 298 
Spodumeue, 285 
Stannile, 252 
Staurolite, 800 
Steatite, 296 
Siephaiiiie, 250 
Stercorite, 277 
Stern bergite, 252 
Stibiconite, 297 
Stibiotautalite, 297 
Stibnite, 249 
Stilbite, 282 
Stilpnomelane, 269 
Stolzite, 261 
Strengite, 268 
Stromeyerite, 252 
Strontianite, 289 
Struvite, 277 
Stylotypite, 250 
Sulphohalite, 271 
Sulphur, 258 
Sussexite, 277, 
Svabite, 275 
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Svanbergite, 296 
Syctiuodymite, 253 
Sylvauite, 24fci 
Sylvite, 271 
Symplesite, 293 
Synadelpliite, 275 
Syugenite, 272, 274 
Szaibelyite, 377 
Szmikiie, 291 


Tacbydrite, 271 
Tagilite, 265 
Talc, 284, 296 
Tantalite, 257 
Tapalpite, 348 
Tapiolite, 257 
Tavistockite, 396 
Taylorite, 272 
Teilurium, 248 
Teiuiantite, 246 
Teiiorite, 254 
Tepbroite, 279 
Tetradymite, 248 
Teiraliedrite, 350 
Thaumasite, 273,289 
Theiiardite, 272 
ThermoDatrite, 271 
Thomsenolite, 374 
Thomsonite, 378 
Tliorite, 394 
Tliuriugite, 269 
Tiemaunite, 247 
Tilasite, 375' 

Tin, 253 
Tin Pyrites, 253 
Tin Stone, 299 
Titanic Ivon, 355 
Titanile, , 283, 386 
Topaz, 300 
Torbernite, 265 
Tourmaline, 285, 300 
Tremolile, 288 
Tvichalcite, 365 
Tridymite, 299 
Trimerite, 283 


INDEX TO MINEIIALS. 


Ti'ipbylite, 268 
Iriphic, 268 
Tiiploidite, 268 
Tvipubyite, 263, 297 
TrOgcrile, 375 
Troilite, 353 
Trona, 271 
Troostite, 279 
Tscliellkinite, 280 
Tsdiermigite, 291 
Tiuigstite, 298 
Tnrgite, 255, 392 
Turingite, 369 
Turquois, 303 
Tyrolite, 264 
Tysonite, 397 

Ulexite, 277 
UHmaimite, 250 
rmangite, 247 
rniniidie, 257 
Uvan Mica, 205 
Uraiiocirciic, 276 
Uniiiopliane, 294 
Uranopilite, 291 ■ 
Unmospinilc, 275 
Uvaiiothallile, 289 
Utabite, 367 
Uvarovite, 299 


Valcntinite, 258 
Vanadiiiite, 360 
Yaviegated Copper, 253 
Variscite, 296 
Yauqnelinitc, 260 
Yermiculite, 281 
Yesuvianite, 287 
Yeszclyite, 264 
Yivianiio, 268 
Yolbovihito, 265 
Yoltaile, 266 
Yollzite, 292 


Wad, 292 


Wagiieritc, 277 
VValpnrgiio, 262 
Wavrciiitc, 249 
Warwickitc, 257, 297 
WaUeviilitc, 274 
WavclliUi, 296 
Wellsite, 282 
Wenierite, 283, 287 
Wlu'wellite, 290 
While Iron I'yviK's, 253 
Whitney ile, 246 
Willemitc, 294 
Wiiberitc, 273 
Wittiehenite, 251 
Wiihlerite, 2811 
Wolfachilc, 247 
Wolframite, 254. 270 
WolfHliergile, 250 
Wollasloi'iite, 283 
Wulfenile, 261 
Wmtziie, 292 


Xiintlioeonite. 259 
Xantliopliyllile, 296 
Xantliosiilente, 266, 293 
Xenolime, 296 

Yltroeevite, 293 


Zaratite, 290 
Zeplmrovieliile, 395 
Zennerite, 264 
Zinc, 2,5:* 

Zinc lilenile, 252, 293 
Zinc Spinel, 298 
Zinealuininiie, 291 
Zincite, 292 
Zinkenite, 249 
Ziiniwaldite, 270, 284 
Zircon, 299 
Zirkelile, 297 
Zoisitc, 287 
Zorgile, 347 
Zunyitc, 293 




